REN ESAS Application Note

Renesas RA Family
Quick Start Guide: Modbus TCP

Introduction

This document is a quick start guide for evaluating Modbus® communication with the RA microcomputer
evaluation board.

Modbus protocol is a communication protocol developed by Modicon Inc. (Schneider Electric SA.) for
programmable logic controllers (PLCs), and its specifications are open to the public.

For details, refer to the protocol specifications (PI-MBUS-300 Rev.J).

Target Device

RA6M3, RA6M4, RA6M5
RA8D1, RASM1, RA8T1

RA8T2, RA8D2, RA8P1, RASM2

Supported Evaluation Boards
EK-RA6M3, EK-RA6M4, EK-RA6M5
EK-RA8D1, EK-RASM1, MCK-RAS8T1
MCK-RA8T2, EK-RA8D2, EK-RA8P1, EK-RA8M2
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1. Overview

This document describes the Modbus protocol stack that operates on the RA evaluation board. It provides an
overview of its functions and a Modbus sample application for developing and implementing applications
using the protocol stack.

This sample program package supports the Ethernet-based Modbus TCP protocol.
This Quick Start Guide provides:

e Sample program package configuration

e Operating environment requirements

e Evaluation board connection setup

e Procedure for creating, modifying, and building the Modbus sample project using the Flexible Software
Package (FSP) and e? studio Integrated Development Environment (IDE).

¢ Instructions for connecting with a client and operating a simple demo.

1.1 Abbreviations/Definitions
Table 1.1 Abbreviations/Definitions

Index Abbreviations Description
IDefinitions

1 IP Internet Protocol

2 TCP Transmission Control Protocol

3 USB Universal Serial Bus

4 PC Personal Computer

5 SwW Switch

6 EWARM Embedded Workbench® for Arm

7 LED Light Emitting Diode

8 Wireshark Free packet capture tool to check packets flowing on LAN
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1.2 Reference
Technical information about Modbus is available through the Modbus organization site, and information
about the RA evaluation board is available through Renesas.

Table 1.2 Technical Inputs

Index Technical Inputs
1 Modicon Modbus Protocol Reference Guide Rev.J /
PI_MBUS 300.pdf
2 Modbus Application Protocol Specification V1.1b3 /
Modbus_Application Protocol V1 1b3.pdf
3 Evaluation Kit for RA6M3 Microcontroller Group EK-RA6M3 Quick Start Guide /
r20gs0011euxxxx
4 Evaluation Kit for RA6M3 Microcontroller Group EK-RA6M3 v1 User’s Manual /
r20ut4623euxxxx
5 Evaluation Kit for RA6M4 Microcontroller Group EK-RA6M4 Quick Start Guide /
r20gs0016egxxxx
6 Evaluation Kit for RA6M4 Microcontroller Group EK-RA6M4 v1 User’s Manual /
r20ut4836egxxxx
7 Evaluation Kit for RA6M5 Microcontroller Group EK-RA6M5 Quick Start Guide /
r20gs0021egxxxx
8 Evaluation Kit for RA6M5 Microcontroller Group EK-RA6M5 v1 User’s Manual /
r20ut4829egxxxx
9 Evaluation Kit for RA8D1 Microcontroller Group EK-RA8D1 Quick Start Guide /
r20qs0065egxxxx
10 Evaluation Kit for RA8D1 Microcontroller Group EK-RA8D1 v1 User’s Manual /
r20ut5205egxxxx
11 Evaluation Kit for RA8M1 Microcontroller Group EK-RA8M1 Quick Start Guide /
r20gs0035egxxxx
12 Evaluation Kit for RA8BM1 Microcontroller Group EK-RA8M1 v1 User’s Manual /
r20ut5149egxxxx
13 MCK-RA8T1 Quick Start Guide /
r12qs0067ejxxxx
14 MCK-RA8T1 User's Manual /
r12uz0133ejxxxx
15 MCK-RA8T2 Quick Start Guide /
r12qs0088ejxxxx
16 MCK-RA8T2 User's Manual /
r12uz0172ejxxxx
17 Evaluation Kit for RA8D2 Microcontroller Group EK-RA8D2 Quick Start Guide /
r20qs0077egxxxx
18 Evaluation Kit for RA8D2 Microcontroller Group EK-RA8D2 v1 User’'s Manual /
r20ut5523egxxxx
19 Evaluation Kit for RA8P1 Microcontroller Group EK-RA8P1 Quick Start Guide /
r20gs0051egxxxx
20 Evaluation Kit for RA8P1 Microcontroller Group EK-RA8P1 v1 User's Manual /
r20ut5309egxxxx
21 Evaluation Kit for RA8M2 Microcontroller Group EK-RA8M2 Quick Start Guide /
r20gs0069egxxxx
22 Evaluation Kit for RA8BM2 Microcontroller Group EK-RA8M2 v1 User’s Manual /
r20ut5451egxxxx
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2. Features

The Modbus protocol stack for the RA evaluation board enables quick, easy development of Modbus TCP
applications.

Modbus function codes supported by the initialization API are also specified. The following nine function
codes can be implemented in this stack:

e 1(0x01) — Read coils

e 2(0x02) — Read discrete input

e 3(0x03) — Read holding registers
e 4(0x04) — Read input registers

o 5(0x05) — Write single coil

o 6(0x06) — Write single register

e 15(0x0F) — Write multiple coils

e 16(0x10) — Write multiple registers

e 23(0x17) — Read/Write multiple registers

For more information about Modbus, refer to the following site:
http://www.modbus.org

Note: The version number may differ depending on the update. Refer to the latest manual.

R20AN0790EJ0120 Rev.1.20 Page 6 of 82
Oct.31.25 RENESAS


http://www.modbus.org/

Renesas RA Family ra, modbus, tcp

3. Sample Program Package Configuration

This sample program package consists of three components:
¢ Modbus sample project using Modbus protocol stack.

¢ Modbus sample application using Modbus protocol stack.
¢ Modbus sample demo application

3.1 Modbus Sample Project

e Modbus_TCP / project / EK-RAB6M5
- This folder contains a folder called “RA_Modbus” which includes a Modbus sample project for
EK-RA6M5 boards that uses the Modbus protocol stack.
- The sample project is created for GCC compilers. If you want to use another compiler, refer to
section "6.2 Creation of new Modbus Project” and create another project.

- The sample project is created for EK-RA6M5. If you want to run it on EK-RA6M3, EK-RA6M4,
EK-RA8D1, EK-RA8M1, MCK-RA8T1, refer to step (4) of "6.1 Import Modbus Sample Project"
and modify the project with respect to different boards.

e Modbus_TCP / project / MCK-RA8T2
e Modbus_TCP / project / EK-RA8D2
e Modbus_TCP / project / EK-RA8P1
e Modbus_TCP / project /| EK-RA8M2
- These folders contain a folder called “RA_Modbus” which includes a Modbus sample project for
MCK-RA8T2 / EK-RA8D2 / EK-RA8P1 / EK-RA8M2 boards that uses the Modbus protocol
stack.

- The sample projects are created for GCC compilers. If you want to use another compiler, refer to
section "6.2 Creation of new Modbus Project" and create another project.

3.2 Modbus Sample Application

e Modbus_ TCP /src/ modbus_func.c, modbus_user.c, new_thread0_entry.c

- User can register their own implementations of Modbus function codes in the Modbus protocol
stack.

- The code in this directory provides examples of the Modbus protocol stack initialization process
and the Modbus function codes processing using the Modbus protocol stack API.

3.3 Modbus Demo Application
) Modbus_tool / ModbusDemoApplication.exe

- This executable file is a Modbus demo application used for Modbus communication. It can be
used to demonstrate the operation of the Modbus sample application.
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4. Operating Environment Requirements

The sample program package described in this manual runs in the following environment.

Table 4.1 Operating environment
Item Description
Board RA Evaluation Board
Operating Voltage 3.3V
Integrated Development IAR Systems

Environment

- IAR Embedded Workbench® for Arm Version
9.70.1.13552 or later
Renesas Electronics
- e?studio 2025-10 or later
- Renesas RA Smart Configurator 2025-10 or later

Toolchain

IAR Embedded Workbench for Arm
- IAR C/C++ Compiler for Arm 9.70.1.475 (9.70.1.475) or
later
e? Studio
- GCC Arm Embedded (13.2.1.arm-13-7) or later
- LLVM for Arm (18.1.3) or later
- Arm Compiler 6.23 or later

MCU Software Package

FSP (Flexible Software Package) v6.2.0 or above

Emulator

J-LINK OB

Communications Protocol

Modbus TCP

Client Tool

ModbusDemoApplication.exe: Modbus Demo Application

R20ANO790EJ0120 Rev.1.20
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5. Evaluation Board Connection Setup

Connect the PC to a supported evaluation board. Power is supplied by connecting a USB micro-B cable to
the board. For Modbus TCP communication, use an RJ45 connector and connect to the PC with a LAN

cable.

The connection setting diagrams for the EK RA8M1 evaluation board, the MCK-RA8T1 board and the MCK-

RA8T2 board are shown below.

e2Studio + FSP

e? studio

USB micro B cable

Ethernet cable

Modbus Demo
Application

Figure 5.1. EK evaluation board

connection setup for RA (Example: EK-RA8M1)
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e25tudio + FSP

RENESAS

USB-C cable

e? studio

Modbus Demo
Application

Figure 5.2. MCK-RA8T1 board connection setup

e2Studio + FSP

. LELELERELELEE L1 HERERRREr
e? studio A i gz

Ethernet cable

RRRRREY

Modbus Demo USB-C cable
Application

Figure 5.3. MCK-RAS8T2 board connection setup
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6. Setting Up the Modbus Sample Project

This section describes the procedure for importing/creating a Modbus sample project. Before this, read
section "4. Operating Environment Requirements" first and complete the installation of the tools.
6.1 Import Modbus Sample Project

This section describes the procedure for importing the Modbus sample project and changing the evaluation
board.

6.1.1 EK-RA6Mx / EK-RA8x1 / MCK-RA8T1 Importing Procedures

This section describes the procedures for importing EK-RA6Mx (EK-RA6M3, EK-RA6M4, EK-RAGM5) / EK-
RA8x1 (EK-RA8D1, EK-RA8M1) / MCK-RA8T1.

1. Import the sample project. Start e? studio, select [File] — [Import], and when the Import window appears,
select [General] — [Existing Projects into Workspace].

B mport O X |
Select
"
Create new projects from an archive file or directory. M

Select an import wizard:
type filter text

~ [ General ~

JE Archive File

L CMSIS Pack
I -4 Existing Projects into Workspace I

L} File System
=1 Preferences
L} Projects from FolderNgr Archive
Iz Rename & Import ExisNng C/C++ Project into Workspace
¥ Renesas CS+ Project for (A T8KOR/CATSKD
& Renesas CS+ Project for O\RX, CC-RL and CC-RH
& Sample Projects on Renesas \Yebsite
V= C/C++
[T]C/C++ Executable
W C/CH+ Project Settings e

Cancel
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Check "select root directory" and select the Modbus sample project folder
(“Modbus_TCP/project/EK-RA6M5” or "Modbus_TCP/project/MCK-RA8T2”).

w Import O x [
Import Projects =
Select a directory to search for existing Eclipse projects. E—/J
:i,' Select root directory: C:¥Modbus_TCP¥project¥EK-RABMS bl I| Browse... |
() Select archive file: Browse...
Projects: \
E RA_Modbus (C:¥Modbus_TCP¥project¥AK-RA6MS5¥RA_Modbus) Select All
Desalect All
Refresh
< > |
Options
[ Search for nested projects
[ Copy projects into workspace
[] €lgse newly imported projects upon completion
[ Hide projects that already exist in the workspace
Working sets
[ ] Add project to working sets New...
Select...

£/ il

2. Open “configuration.xml” of “RA_Modbus” project.

{9 Project Explarer
b '&’é RA Modbus Debug]

U Includes

E

TQ (B

*ra_gen

v e
=

k= ra_cfg

k= script

= .api_xml

K| .cproject

K| .project

5| .secure_arone

= secure_xml

2% configuration.xm| I
= LinkLog.log
= ra_cfg.txt

(?) Developer Assistance
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3. The "RA_Modbus" project under the "Modbus_TCP/project/EK-RA6M5" folder is created for EK-RAG6M5.
To run it on another supported evaluation board, modify the project by following the steps (1) to (4) below.

(1) Click the "BSP" tab, then select "EK-RA6M3", "EK-RA6M4", "EK-RA8D1", "EK-RA8M1", or "MCK-

RA8T1" from "Board".

{5 *[RA_Modbus] FSP Configuration

Board Support Package Configuration

Device Selection

FSP velsionl 6.2.0

Board: EK-RABMS
) FPB-RAGET
Device: | ¢pg Ra6E2
Core: FPB-RAGT3
FPB-RABE1

RTOS: MCK-RA4T1
MCK-RAGT2

MCK-RAGT3
MCK-RABT1

VOIZE-RA2L1
VOJCE-RALET
VIJICE-RAGET

Summary

Board Details
Evaluation kit for RABMS MCU Grouy

Visit https:

wwiw.renesas.com/ra/ek-

*\ package, example projects, etc.

Clocks Pins | Interrupts  Event Links Linker Sections Stacks | Components

R20ANO790EJ0120 Rev.1.20
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(2) Click "Manage Configurations” on the “Pins” tab

RABMS Eld 4 | Manage configurations... | [ Generate data: |g_bsp_pin_cfg

Pin Selection ERBA

Type filter text Value Link

v + Ports -‘\
> « PO
P1
P2
P3
P4
P5
> ¥ P&
» " PT
P8
> Y P9
PA
PB
» # Other Pins
v « Peripherals
Analog:ADC
» ¥ Analog:ANALOG
Analog:DAC
Connectivity:CANFD
Connectivity:CEC
Connectivity: ETHEFC
Connectivity:|1C i

LT T

Pin Function  Pin Number

Summary | BSP | Clocks Interrupts  Event Links ' Linker Sections  Stacks Components

(3) Select "RA6MS5 EK (Current)" and "R7FA6M5BH3CFC.pincfg" and click "Remove".
Click "OK" in the "Remove Pin Configuration" pop-up, then click "OK" in "Manage Pin
Configurations".

i meacsacaeae waawi_sam e seini e

O >

| Multiple Pin Configuration Management F

1 Modify pin configuration list or import/export external file

Add...

Remaove

Repame...

RABM3-EK.pincfg
R7FABMIAH3CFC.pincfg

I

& Remowve Pin Configuration X
Do you wish to delete the selected configuration(s)?
This cannot be undone.
Cancel
Import...
Exphyt...
L__ox |
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(4) Check the “Generate data” checkbox and enter “g_bsp_pin_cfg” in the text box.

Select Pin Configuration [ Export to CSV file |- Configure Pin Driver Warnings
RABM3-EK pincfg v| Manage configurations... enerate data] g_bsp_pin_-:fj
Pin Selection E®BE% P Configuration =2 Cydle Pin Group
'Typc filter text | Name Value Link
[v « pons N

4. For "EK-RA8D1", "EK-RA8M1" and "MCK-RA8T1", change "PHY-LSI Address" in "Stacks" — "g_ether
_phyO0 Ethernet (r_ether_phy)" — "Module g_ether_phy0 Ethernet (r_ether_phy)" to the following value.

PHY-LSI Address: 5

Threads %] New Thread % |Remove =]  New Thread Stacks &1 New Stack > == i
4 .’f"‘ HAL/Common )
L g_ioport I/O Port (r_ioport) a
4 FreeRTOS Port (rm_freertos_port) 1 :
- E g_ether0 Ethemet (r_ether) 4 FreeRTOS Buffer
w & New Thread i
- Allocation 2
& ModbusTCP{r_modbus_tcp_server)
4 FreeRTOS Heap 4 ® ®
Y

Objects % | New Object > #_

Summary | BSP | Clocks |Pins Interrupts | Event Links | Linker Sections | Stacks Components
I* problems B Console [ Properties X @& Av-F-739%- &} 29-F-72270
g_ether_phy0 Ethernet (r_ether_phy)

Settings Property

Value
» Common
Sntino + Module g_ether_phy0 Ethernet (r_ether_phy)
Name g_ether_phy0
Channel

PHY-LSI Address
PHY-LS| Reset Completion Timeout
Select Ml type

0x00020000
RMII
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5. For "EK-RA8D1" and "MCK-RA8T1", click the "Pins" tab, then select Reset pin [Reset Pin for each
evaluation board] (see below), go to “Pin Configuration” and change the "Mode" to "Disabled".

EK-RA8D1: P706, MCK-RA8T1: PB01

Pin Selection =+ = _az Pin Configuration
Toe filter text Mame Value Link
Symbolic Name ETHER_RESETM
P& ~
Py . Coamment
2 | Mode
& o | Pullu hone
— Qutput Type CMO5S
Drive Capacity
PBO1 |
o [ % Input/Output
PBO1 Mone
PBO3
FBO4
PBOS
PBOG
PBOY
¢ Other Pine Module nar.n.Ej. PBO1
v @ Peripherals G Port Capabilities: BUS: ALE
i SCI1: CTS RTS1
Pin Function | Pin Number\
Summary | BSP | Clocks Interrupts  Event Links Linker Sections Stacks Components
R20ANO0790EJ0120 Rev.1.20 Page 16 of 82

Oct.31.25 RENESAS




Renesas RA Family

ra, modbus, tcp

6.1.2 MCK-RAS8T2/ EK-RA8D2 /| EK-RA8P1 | EK-RA8BM2 Importing Procedures
This section describes the procedures for importing MCK-RA8T2 / EK-RA8D2 / EK-RA8P1 / EK-RASM2.

1. Import the sample project. Start e? studio, select [File] — [Import], and when the Import window appears,
select [General] — [Existing Projects into Workspace].

a Import

Select

Create new projects from an archive file or directory.

Select an import wizard:
e filter text

~ [ General

JE Archive File
L CMISIS Pack

I (- Existing Projects into Workspace I

L] File System
=1 Preferences

L} Projects from FolderNgr Archive

I=* Rename & Import Exis\ng C/C++ Project into Workspace
TaF Renesas CS+ Project for QATSKOR/CATSKD

¥ Renesas CS+ Project for C\RX, CC-RL and CC-RH

&" Sample Projects on Renesas \¥ebsite

W [= C/C++
[T] c/C++ Executable
) C/C++ Project Settings

Cancel

ks
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Check "select root directory" and select the Modbus sample project folder

(“Modbus_TCP/project/[evaluation board]”).

& Import

Import Projects

Select a directory to search for existing Eclipse projects.

]

X

L

(®) Select root directory: |C:¥Modbus_TCP¥project¥MCK-RABT2

v ! Browse..

() Select archive file:

Projects:

<
Options
[_] Search for nested projects

Werking sets

@
\£/

[] Copy projects into workspace
[] Close newly imported projects upon completion
[ Hide projects that already exist in the workspace

["]Add project to working sets

[~ RA_Modbus (C:¥Modbus_TCP¥project¥\\CK-RABT2¥RA_Modbus)

@

Select All
Deselect All

Refresh

< Back Next Cancel
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6.2 Creation of a new Modbus Project
This section describes the procedure for creating a new Modbus sample project.

6.2.1 Common procedures for all evaluation boards
This section describes the procedures common to all evaluation boards.

1. Set up a new project. Start e? studio and select [File] — [New] — [C/C++ Project].

File Edit Source Refactor Navigate Search Project Renesas Views Run Renesas Al Window Help

New Alt+Shift+N > Renesas C/C++ Project >
Open File... [c=| Makefile Project with Existing Code
L] Open Projects from File System... [t ] C/C++ Project
Recent Files * 1 Project...
Close Editor Cirl+W  [&=] Convert to a C/C++ Project (Adds C/C++ Nature)

2. Select "Renesas RA C/C++ Project”

&) MNew C/C++ Project m| *

Templates for New C/C++ Project

Al Renesas RA C/C++ Project

CMake P Create an executable or static fibrary G/C++ project for Renesas RA.
Make

Renesas Debug

Renesas RA FSP Solution

F=amm Create an FSP Solution for Renefas RA comprising a
Solution Praject and C/C++ projects for each processor core

Mext > Finish Cancel

©
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3. Enter any project name.

&) Renesas RA C/C++ Project a *

Renesas RA C/C++ Project —

Project Name and Location

Project name
|RA_Nodhus |
E Use defauX location

C:¥UseN¥a5000352¥e2_studio¥workspace RA¥RA_Modbus | Browse..

You can download more R&gesas packs here

@ <Back [ Next> ||  Finish Cancel

4. Select "Toolchains”

# Renesas RA FSP Solution O *

Renesas RA FSP Solution —

Device and Tools Selection

Device Selection
FSP Version: |6.2.0: = Board Description

Board: | Custom User Board (Any Dew ~

Device: R7FABMSBH3CFC v

Language: @ C (JC++ Device Details

3

TrustZone Yes i
< >

IDE Project Type Debugger
e? studio managed build o J-Link ARM W

Toolchains

LIVM Embedded Toolchain for Arm
GNU ARM Embedded
ARM Compiler 6.23

13.2.1.arm-13-7 v Manage Toolchains..,

@ < Back Next > Finish Cancel
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5. Select the FSP Version and Board

ﬂ Renesas RA C/C++ Project

Renesas RA C/C++ Project

Device and Tools Selection

Device Selection

FSP ‘v"em:'on;l 6.2.0 VI

Board: | Cus
|EK-RA4E2 A
|EK-RA4L1

EK-RA4LT WS

EK-RA4M1

EK-RA4MZ

EK-RA4M3

IDE Project Typ EK-RA4W1

|EK-RABE2

E2 studio man'EK_RABM-I -
EK-RABM2
EK-RAGM3

LLVM EmbedqEX-RABMIG
GNU ARM EnEKCRABMA
ARM Comp

tom User Board (Any Device) g

Device:

Core:

Language:

Toolchains

EK-RABD2
EK-RABE2
EK-RABM1
EK-RABM2
o EK-RABP1 v

Board Description

Device Details

TrustZone Yes

Debugger
J-Link ARM

Einish Cancel

6. Select the project type for “Flat (Non-TrustZone) Project”

ﬁ Renesas RA (/C++ Project

Renesas RA C/C++ Project

Project Type Selection

Project Type Selection

(® Flat (Non-TrustZone) Project
» Renesas RA device project without TrustZone separation
® All code, data and peripheral settings will be configured in
this project
* Renesas RA device will remain in secure mode
» EDMAC RAM buffers will automatically be placed in non-
secure RAM

(O TrustZone Secure Project
» Renesas RA device project for TrustZone secure execution
* All code, data and peripherals placed in this project will be
initialized as secure
= Secure project settings such as TrustZone partitions, linker
maps and a list of secure peripherals will be passed to a
selected non-secure project
After initialization, a call to the non-secure startup handler
will be made

(O TrustZone Mon-secure Project
* Renesas RA device project for TrustZone non-secure execution

< Back

Finish Cancel
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7. Select “None”

a Renesas R O
Renesas RA C/C++ Project —_—
Preceding Project or Smart Bundle Selection
(®) None Choose this option when creating a project for the primary processor core (no preceding project or Smart
Bundle).

() Prec™{ing Project

| e | ing t [ I
| I 1 1 1 I
() Smart Bundle:
| Workspace, File System... Variables...

| ! Tl aining TrustZon h
f L l I y

Meccadlac e Meala ki asach Ncadla Mool

'1?} < Back Einish Cancel
8. Select “FreeRTOS (xxx)”.
& Renesas RA C/C++ Project O x
Renesas RA C/C++ Project —.
Build Artifact and RTOS Selection
Build Artifact Selection RTOS Selection
No RTOS v|

(®) Executable
® Project builds to an executable file

() Static Library

[ i’
—

® Project builds to a static library file

Executable Using an RA Static Library
* Project builds to an executable file
® Project uses an existing RA static library project

< Back

Finish

Cancel
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9. Select “FreeRTOS - Minimal - Static Allocation” under Project Template Selection.

&) Renesas RA C/C++ Project O *

Renesas RA C/C++ Project

Project Template Selection

Project Template Selection

o Q- FreeRTOS - Blinky - Static Allocation

FreeRTOS F5SP project that includes BSP and will blink LEDs if available. FreeRTOS is
pre-configured for static memory allocation. This project will initialize the MCU using the BSP
FreeRTOS will also be initialized and a single thread to blink the LEDs will be started.

I . e . "
@ Q FreeRTOS - Minimal - Static Allocation
Empty FreeRTOS FSP project with no threads. FreeRTOS is pre-configured for static memory
allocation. This project will initialize the MCU using the BSP
Code Generation Settings

Use Renesas Code Formatter

kf?;l < Back Next >

Cancel

Once the project is created, it will appear in the “Project Explorer,” and the “FSP Configuration” tab will be

displayed.

Iy Project Explorer = § = 0O |{&F [RA_Modbus] FSP Configuration X

W

15 RA_Modbus Summary
iy Includes
u_t! ra
& ra_gen Project Summary
2 src
& Debug Board: EK-RABMS
& ra_clg Device: R7FABMSBH3CFC
: ¥ Core: CcM33
= scnpt
B i Toolchain: GCC ARM Embedded
ey q Toolchain Version: 132 1.aim-13-7
X] RA_Modbus Debug_Flatlaunch
(7) Developer Assistance i
e P Project Type: Flat
Location: :

Selected software components

Board Support Package Common Files
VO Port

FreeRTOS

Arm CMSIS Version 6 - Core (M)
FreeRTOS Port

RABMS-EK Board Support Files

Q=0
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10. Create New Thread
In the "FSP Configuration”, click the "Stacks" tab, select "Threads" — "New Thread". A new thread will

appear.

‘4{',, [RA_Modbus] FSP Configuration <

Stacks Configuration

= HAL/Common Stacks

I

% | New Thread

My

lﬂ-

Threads

A f“' HAL/Common
& g_ioport I/O Port (r_ioport
4 FreeRTOS Port (rm_freertos_Nort)

& g_ioport I/O Port
{r_ioport)

®

4 FreeRTOS Port
{rm_freertos_p

®

ort)

Objects % | New Object > »

Summary |BSP | Clocks | Pins  Interrupts | Event Links | Linker Sections Components

11. Create New Stack
Select "New Stacks" to be configured.

15} *[RA_Modbus] FSP Configuration X

Stacks Configuration

Mew Thread Stacks

Threads < | New Thread ® | Remove

b 'ﬁ? HAL/Commaon
_33 g_ioport IO Port (r_ioport) ’ here from the clipboard.
4 FreeRTOS Port (rm_freertos_port)

& MNew Thread

Add stacks to the selected thread by using the 'New Stack’ toolbar button

¢ | New Stack > | 1
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Select “Networking” — ” Modbus TCP Server (r_modbus_tcp_server)”.

&

¢ | Mew Stack » — Futend Stacl M | Femo
Al H
using the 't Analog , [above). or
Audio *
Bootloader ¥
CapTouch >
Connectivity »
Dsp ]
Input >
Manitaring >
Maotor >
[ Networking > BLE Mesh Network modules
Power b AWS Cellular Interface on GM (rm_cellular gm_aws)

RTOS
Security
Sensor ¥

AWS Cellular Interface on RYZ (rm_cellular_ryz_aws) [Deprecated]

AWS Core HTTP

AWS Core MQTT

WS loT Over-the-air Update Library

S Transport Interface on MbedTLS/PKCS11 (rm_aws_transport_interface_port)
PP Transpart on SPI (rm_ble_abs_spp_transport)

¢ ¢ ¢

Storage *

System >
BL

BLE SRP Transport on UART (rm_ble_abs_spp_transport)
Ethe SSC Port (rm_ethercat_ssc_port)

Timers >

Transfer ¥

% Search...

GTL BLE Abstractidp (rm_ble_abs_gtl)

HTTP Client/Server o DA16XXX (rm_http_onchip_dal6xxx)
LwlP HTTP Server
LwiP HTTP Server FS
LwiP system FreeRTOS po
MQTT Client on DA16XXX (rm_maqtt_onchip_da16xx)
ModbusTCP(r_modbus_tep_server) |
SPP BLE Abstraction (rm_ble_abs_spp)

TCP Transport Interface on FreeRTOS+TCP (r_tep_trans_freertos_plus_tcp)

wlP Compiler and Platform abstraction
wiP MQTT Client
wiP tepip (wip_tepip)

¢eeeeflec et e et ettt ded
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The stack is configured as follows:

Stacks Configuration

Threads % | New Thread # |Remove = MNew Thread Stacks

v = HAL/Commen
& g_ioport /O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
w & Mew Thread @
+ ModbusTCP(r_modbus_tcp_server)

&

ModbusTCP{r_modbus_tc
p_server)

Y

% Add TCP/IP Protocol

Stack
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12. Add FreeRTOS+TC

P

Click “New” — “TCP Transport Interface on FreeRTOS+TCP
(r_modbus_tcp_server_port_freertos_plus_tcp)” to “Add TCP/IP Protocol Stack”.

Threads

¢ | New Thread % | Remove =

Mew Thread Stacks

v “ HAL/Common
E g_ioport IO Port {r_ioport)

47 FreeRTOS Port (rm_freertos_port)

~ i@ Mew Thread

47 ModbusTCP(r modbus_tc
p_server)

®

¢ | New Stack > £ Extend Stack > %] Remove

4 ModbusTC P{r_modbus_tcp_server)

The stack is configured as follows:

Threads % | New Thread ® |Remove -

hd ﬁ HAL/Common

4 g_ioport /O Port {r_ioport)

4 FreeRTOS Port (rm_freertos_port)
~ 5 New Thread

d? ModbusTCP{r_ modbus_tcp_server)

MNew Thread Stacks

4 Mod busTCP({r_modbus_tcp_server)

®

4 FreeRTOS+TCP

®

'y
1

& g_freerios_plus_tcp0 FreeRTOS+TCP Wrapper to ethemet
driver (rm_freerios_plus_tcp)

Objects %] New Object > %] Remove

O]

%7 Add Ethernet Driver

# FreeRTOS Buffer
Allocation 2

®
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13. Add Heap

Select “New Stack” — “RTOS” — “FreeRTOS Heap 4”.

L

New Thread Stacks % | New Seasb ~ 1 .~ %] Remove
Al »
& ModbusTCP{r_modbus_tcp_server) Analog &
Audio 3
Bootloader »
@ CapTouch 3
- Connectivity 3
& TCP Transport Interface on FreeRTOS+TCP DsP 2
(r_tcp_trans_freertos_plus_tcp) Input 2 e
Monitoring »
@ Motor » ==
l‘ Metworking 3 ,"
# FreeRTOS+TCP Power > e
| rios 2| # FreeRTOS Heap 1
Security > \# FreeRTOS Heap 2
® Sensor > \» FreeRTOS Heap 3 =
'I‘ Storage 3 |'$‘ FreeRTOS Heap 4 | o
FreeRTOS Heap 5 -
& g freertos_plus_tep0 FreeRTOS + TCP Wrapper to ethernet System » @ P =
driver (m_freertos_plus_tep) Timers > =
Transfer * =
@ 4" Search.. =
1 - 1 .y
... _ Il _____ .. — i
The stack will be configured as follows:
Threads % | New Thread #  Remove =]  New Thread Stacks %] New Stack > —— Futend Sta

v ‘“ HAL/Common
& g_ioport |/O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
hd @ MNew Thread @
& ModbusTCP{r_modbus_tcp_server)

4 ModbusTC P{r_modbus_tcp_server)

A
1

¢F FreeRTOS Heap 4

& TCP Transport Interface on FreeRTOS+TCP
(r_tcp_trans_freertos_plus_tcp)

®
s
T
4 FreeRTOS+TCP

R20ANO790EJ0120 Rev.1.20
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14. Set Support Dynamic Allocation

Open “Properties” of “New Thread” in “Stacks” and change “Support Dynamic Allocation” inside “Memory

Allocation” to “Enabled”.

Threads % | New Thread ¥ | Remove

b j’} HAL/Common
& g_ioport /O Port (r_ioport)
& FreeRTOS Port {rm_freertos_port)
e e
ﬂ? ModusTCP{r modbus_tcp_server)
4 FreeRNDS Heap 4

Objects ¢ New Object >

summary | BSP | Clocks | Pins Interru

2! problems & Console [ Properties x|

New Thread

Settings Proparly
» Timers
» Optional Functions
> RA
* Logging
¥ Thread
Symbuol
Name
Stack size (bytes)
Priarity
Thread Context
v Memory Allocation
Clear Memary on Free
Support Static Allocation
Support Dynamic Allocation
Total Heap Size
Application Allocated Heap

New Thread Stacks

¥ ModbusTCP(r_modbus

@

18
i TCP Transport Interface
(r_tcp_trans_freertos_pl

®

& FreeRTOS+TCP

®

i g freertos_plus_tcp0 Fr
driver {rm_freertos_plu:

Event Links | Linker Sections | € Stacks | Components

Value

new_thread0
MWew Thread
1024

1024
Disabled

“FreeRTOS Heap4” stack configuration errors are resolved.
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15. Set FreeRTOS+TCP

Open “Properties” of “FreeRTOS+TCP” in “Stacks” and change “Network Events call
vApplicationIPNetworkEventHook”, “Use DHCP”, Total number of available network buffers and
“FreeRTOS_Select() (and associated) API function is available” in “Common” to the following values.

Network Events call vApplicationIPNetworkEventHook: Disable

Use DHCP : Disable

Total number of available network buffers : 30
FreeRTOS_Select() (and associated) API function is available: Enable

Threads €| New Thread # ] Remove

A4 f} HAL/Commaon
- g_ioport /O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
~ ¢ New Thread
gg ModbusTCP{r_modbus_tcp_server)
47 FreeRTOS Heap 4

Objects

€| New Object > | femov

New Thread Stacks

% | Nev

ry
1

®

¢ g_freertos_plus_tcp0 FreeRT r5+TCP Wrapper to ethernet
driver (rm_freertos_plus_tcp

Summary |BSP | Clocks | Pins Internupts | Event Links | Linker Sections | & Stacks | Components

Iﬁ'_- Problems Console [ Properties

FreeRTOS+TCP

Property
Stack size in words (not bytes)

Settings

Metwork Events call vApplication|PNetworkEventHook

Max UDP send block time

Use DHCP

DHCP Register Hostname
DHCP Uses Unicast

DHCP callback function
Interval between transmissions
ARP Cache Entries

ARP Request Retransmissions

Maximum time before ARP table entry becomes stale

Use string for IP Address

Total number of available network buffers

Set the maximum number of events

Enable FreeRTOS_sendto() without calling Bind

TTL values for UDP packets

TTL values for TCP packets

Use TCP and all its features

Let TCP use windowing mechanism

Maximum number of bytes the payload of a network frame can contain

Basic DNS client or resolver

Reply to incoming ICMP echo (ping) requests

FreeRTOS_SendPingRequest() is available

FreeRTOS_select() (and associated) APl function is available

Filter out non Ethernet |l frames.

!

Value
configMINIMAL_STACK_SIZE * 5

15000 / portTICK_PERIOD_MS
Db
nable
Enable
Disable
120000 / portTICK_PERIOD_MS
6
5
150
Enable

%UM_NEMD RK_BUFFER_DESCRIPTORS + 5
Disable
128

128
Enable
Disable
1500
Enable
Enable
Disable
cnagle. |

Enable
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16. Set Stack size
Open “Properties” of “BSP” and change “Main stack size” and “Heap size” in “RA Common” to the
following values.

Main stack size : 0x1000, Heap size : 0x2000

[ Properties > | Prodieg

EK-RAGMS

Summary Clocks Pins | Interrupts Event Links Linker Sections Stacks | Components

Bl console @& 2v-+-7594- & 29-F-¥Za70

Settings Property Value
» RTFAGMSBH3CFC
» RAGMS
> RABMS Device Options
» RABMS Family
% RA Common
Main stack size (bytes) 0x1000
Heap size (bytes) 02000
Bootloader Secondary XIP Disabled
MCU Vee (mV) 3300

The stack configuration error for "ModbusTCP (r_modbus_tcp_server)" is now resolved.

Open “Properties” of “New Thread”, then click on “Stacks” and change “Minimal Stack size” in “General”
to the following values.

Minimal Stack size : 512

Threads | New Thread ® | Remove |- New Thread Stacks

~ = HAL/Comman 4 FreeRTOS+TCP
& g_ioport /O Port (r_ioport)
& FreeRTOS Port (rm_freertos_port)

W New Thread] @
¥ ‘Cp{r_m odbus_tcp_server) f
42
¥ Free + g_freertos_plus_tep0 FreeRTOS +TCP Wrapper to ethernet

driver (rm_freertos_plus_tcp)

Objects

@

Y
! !

| P g_etherl Ethernet (r_ather) | | & FreeRTOS Buffer

inker Sections Components

- & 29-~-vza?l

wmmary | BSP |Clocks | Pins Interrupts | Event Link
T Properties % |&] Problems B Console @ 27—}

New Thread

Settings Property Value
v General
Custom FreeRTOSConfig.h
Use Preemption
Use Port Optimised Task Selection
Use Tickless Idle

Enabled
Disabled
Disabled

Cpu Clock Hz SystemCoreClock
Tick Rate Hz 1000
Max Priorities 5
Minimal Stack Size
Max Task Name Len 16
Use 16-bit Ticks Disabled
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Open “Properties” of “New Thread”, then click on “Stacks” and change “Total Heap Size” in “Memory
Allocation” to the following values.

Total Heap Size : 0x10000

Threads @ | New Thread ® | Remove |- New Thread Stacks

| v &* HAL/Common | 4 FreeRTOS+TCP
2 g_ioport [/O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)

@

A
I

& g_freertos_plus_tcp0 FreeRTOS+TCP Wrapper to ethernet
driver (rm_freertos_plus_tep)

Objects

©)

Y

1
4 FreeRTOS Buffer

| $ g_ether) Ethemet (r_ether) |

summary | BSP | Clocks | Pins Interrupts | EvNot Links | Linker Sectionsomponents

T properties % ] Problems & Console A-r- T3 B 29-k-vzari

New Thread

Settings Proparty Value
v Common

» General

» Hooks

» Stats

» Timers

» Optional Functions

> RA

> Logging
« Thread

Symbaol new_thread(

MNew Thread
1024
1
NULL
Static
Disabled
Enabled
Support Dynamic Allocation Enabled

Total Heap Size 0x10000

Annlication Allacated Hean Dizahled

MName
Stack size (bytes)
Priority
Thread Context
v Memory Allocation
Clear Memory on Free
Support Static Allocation

17. Perform the steps for each evaluation board.
Refer to the following for the evaluation board you are using and follow the steps:

o EK-RA6M3, EK-RA6M4, EK-RA6MS5,EK-RA8D1, EK-RA8M1, MCK-RA8T1 :
6.2.2 EK-RA6Mx / EK-RA8x1 /| MCK-RA8T1 Creating Procedures

e MCK-RA8T2 : 6.2.3. MCK-RA8T2 Creating Procedures

o EK-RA8D2 : 6.2.4. EK-RA8D2 Creating Procedures

e EK-RA8P1 : 6.2.5. EK-RA8P1 Creating Procedures

e EK-RA8M2 : 6.2.6. EK-RA8M2 Creating Procedures
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6.2.2 EK-RA6Mx/EK-RA8x1/ MCK-RA8T1 Creating Procedures

This section describes the procedures for creating EK-RA6Mx (EK-RA6M3, EK-RA6M4, EK-RAG6MS5) / EK-
RA8x1 (EK-RA8D1, EK-RA8M1) / MCK-RA8T1.

1. Add Ethernet Driver
Click “New” — “Ethernet (r_ether)” to “Add Ethernet Driver”.

Threads % | New Thread % | Remove [= New Thread Stacks
~ ‘r‘a HAL/Common L -% ]
& g_ioport /O Port (r_ioport) 48 FreeRTOSSTCP
4 FreeRTOS Port (rm_freertos_port)
~ (' New Thread
& ModbusTCP{r_modbus_tcp_server) @
4 FreeRTOS Heap 4 a

¥ g_freertos_plus_tcp0 FreeRTOS+TCP Wrapper to ethernet
driver (rm_freertos_plus_tecp)

®

A

Objects % | New Object > x|
# FreeRTOS Buffer
Allocation 2
m
| New | > 4| Ethernet (r_ether) |
=P USE HCDC (r_usb_hedc_ecm) |
PP o Vol o T P Mlae |l laface i Poiamt 0 lalia ﬂ [ o WO IR B R ————"

The stack will be configured as follows:

Threads % |New Thread #|Remove |-  New Thread Stacks & | New Stack > =
hd “\} HAL/Commaon - o
42 g_ioport l/O Port (r_ioport) & ModbusTCP{r_modbus_tcp_server) # FreeRTOS Heap 4
4 FreeRTOS Port (rm_freertos_port)
~ 3 New Thread ® ®
& MeodbusTCP(r_modbus_tcp_server) 2

4 FreeRTOS Heap 4
g&n TCP Transport Interface on FreeRTOS+TCP

(r_tcp_trans_freertos_plus_tcp)

®

47 FreeRTOS+TCP

®

ry
[

3 g_freertos_plus_tcp0 FreeRTOS+TCP Wrapper to ethernet
driver (rm_freertos_plus_tep)

)
Objects &) New Object > % 2emov € ;ﬁ:f;gig“ﬁ”
@
@ g_ether_phy0 Etheret
(r_ether_phy)
)
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2. Set PHY Address
Open “Properties” of “g_ether_phy0 Ethernet (r_ether_phy)” in “Stacks” and change “PHY-LSI Address”
in “Module g_ether_phy0 Ethernet (r_ether_phy)” to the port0 address configured on the evaluation

board.

RA6xx : PHY Address : 0, RA8xx : PHY Address : 5

Threads % | New Thread %] Remove [

v ""' HAL/Common
E g_ioport /O Port (r_ioport)
& FreeRTOS Port (rm_freertos_port)
v @ New Thread
d? ModbusTCP{r_modbus_tcp_server)
4 FreeRTOS Heap 4

Objects €] New Object > %] femove

New Thread Stacks
2]
Ol
O]

Y

dg g_freertos_plus_tcp0 FreeRTOS+TCP Wrapper to ethernet
driver (rm_freertos_plus_tep)

®

Y

& g_ether0 Ethernet (r_ether) 4 FreeRTOS Buffer
Allocation 2

@ @

summary | BSP | Clocks Pins Interrupts Event Links | Linker Sections | € Stacks | Components

] Properties % 1 Problems & Console @& A7-t-7974- L} A7-p-v2afl

g_ether_phy0 Ethernet (r_ether_phy)

Settings  Froperty
» Common
afligiy v Module g_ether_phy0 Ethernet (r_ether_phy)
Name
Channel

PHY-LSI Address
PHY-LSI Reset Completion Timeout

Value

b

g_ether_p hyq
a0

0
0x00020000
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Set PHY Reset pin

The setting of the PHY Reset terminal on the evaluation boards RA8D1 and RA8T1 needs to be

changed.

Open “Pin Configuration” of [Reset pin for evaluation board] (see below) in “Pins” and change “Mode” to

“Disabled”.

RA8D1 : P706, RA8T1 : PB01
Note: This procedure is not required for evaluation boards other than those listed above.

Pin Selection

Type filter text
/P8
¥ P9
v PA
PB

¥ ¥ Peripherals

+ = 1%  Pin Configuration
| Name
Symbolic Name
Ny

Comment
|  Mode
[ pull up/down
ype
|  Drive Capacity
v |nput/Output
PBO1

Module name:

Port Capabilities:

Pin Function | Pin Numbar

summary | BSP | Clocks

m Intermupts  Event Links Linker Sections Stacks

Value
ETHER_RESETN

PBO1

BUS: ALE
SC11: CT5 RTS1

Components

4. Generate the code
Generate the code

with "Generate Project Content".

It Project Explorer x| = & i = 0O

{2} *[RA_Modbus] FSP Configuration X

ol

~ 5 RA_Modbus : 0
s Includes Stacks Conﬁguratlon Generate Project Content
(£ =
9 ra_gen Threads & | New Thread ® | Remove = New Thread Stacks % | New Stack > - ®_| Remove
& src v .:.’ HAL/Common (rm_freertos_plus_tcp) A
(& Debug 48 g_ioport I/0 Port (r_ioport)
& racfg & FreeRTOS Port (rm_freertos_port} @
(= script v @ New Thread I - I
1% configuration.xml & Modbus TCP Server (rm_modbus | @ g_ether0 Ethernet & FreeRTOS Buffer
¥ RA_Modbus Debug_Flatlaunch 4 FreeRTOS Heap 4 (r_ether) Allocation 2
(7) Developer Assistance
@ @
< 22 -
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5. Add Modbus Sample Application

Copy modbus_func.c, modbus_user.c, and new_thread0_entry.c from the src folder of the sample
program package to the src folder of the project and overwrite them.

ii.:"ﬂ'{é} #vq"

L&l modbus_func.c

L&} modbus_userc

(el new_thread0_entry.c

P g_ioport /'O Port (r_iopo
& FreeRTOS Port (rm_freert
v @ New Thread

(= Debug

= ra_cfg

& Modbus TCP Server (rm_
W

= i +» ModbusDem... * src
iy ProjectExplorer X E1 % 7V § = O | Ra_ Az &
b M ebug
i(;f}lj*!.h_ OERER ] Stack ij modbus_func.c
mi Includes | ==
£ "] modbus_userc
L e
® ra_gen -y | ) J new_threadd_entr.c
:
L& hal_entry.c e ﬁ .
(g new_thread(_entry.c
(= Debug e
= ra_cfg v @
{3 Project Explorer X = i'f_. = {_‘3: [RA_Modbus] FSP Configuration X
¥ |5 RA_Modbus [Debug . .
KA et ] Stacks Configuration
! Includes
Bra
a % | New Thread
* ra_gen Threads —
M3 src ® | Remove |-
Lg] hal_entry.c v ot HAL/Common -
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6.2.3 MCK-RAS8T2 Creating Procedures
This section describes the procedures for creating MCK-RA8T?2.

1. Add Ethernet Driver

Click “New” — “Ethernet (r_rmac)” to “Add Ethernet Driver”.

Threads

%] New Thread %] Remove =]

v ‘* HAL/Commaon
& g_ioport I/O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
w & New Thread
4 ModbusTCP{r mod bus_tep_server)
4 FreeRTOS Heap 4

Objects

4| New Object > %) Remove

New Thread Stacks

€| New Stack > —=

4% TCP Transport Interface on FreeRTOS+TCP
(r_tep_trans_freertos_plus_tep)

@
ry
!
4 FreeRTOS+TCP
@
Y

4 g_freertos_plus_tcp0 FreeRTOS+TCP Wrapper to ethernet
driver {rm_freertos_plus_tep)

@

4 FreeRTOS Buffer
Allocation 2

Fh-nnt MAC (r_rmac) ||

-

USB HCDC (r_usb_hedc_ecm) |

The stack will be configured as follows:

@®
ry
I
4 FreeRTOS+TCP
@

A
Il

4% g_freertos_plus_tep0 FreeRTOS +TCP Wrapper to ethernet driver (rm_freertos_plus_tep)

®
T - T
27) 4 FreeRTOS Buffer
. Allocation 2
@ ®
T
EY g_layer3_switchQ Switch (r_layer3_switch)
®
L L L
4 g_rmac_phy0 Ethemet (r_rmac_phy) % Add RMAC PHY Driver
for MII 1
@®
A
I I
@ g_rmac_phy_lsi0 Ethernet @ g_rmac_phy_lsi1 Ethernet
PHY-LSI PHY-LSI
® ®
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Right-click on “g_rmac_phy_lIsi1 Ethernet PHY-LSI”, select Delete, and then click “OK” on the “Remove

Stack Elements” pop-up.

®

*_

4 g_layer3_switchD Switch (r_layer3_switch)

®©

4 g_rmac_phy0 Ethernet (r_rmac_phy)

®

1

@ g_rmac_phy lsi0 Ethernet
PHY-LSI

)

© L.

Team

Resource Configurations
Validate
Cut

Copy
Paste

Delete
MNon-secure Callable
Import...

Export...
Module Resources...

Ctrl+X
Ctrl+C
Ctril+V
Delete

xR &

Compare With
Replace With

[

®

Allocation 2

2. Setr_rmac

Change the “Stacks” — "g_ether0 Ethernet MAC (r_rmac)” — "Module g_ether0 Ethernet MAC
(r_rmac)” — “Promiscuous Mode” in “Filters” to “Enable”.

E ModbusTCP(r_modbus_tcp_server)
47 FreeRTOS Heap 4

& g_layer3_switchO Switch (r_layer3_switch)

®

Objects

& | New Object > %1 ermon

L

& g_rmac_phy0 Ethemet {r_rmac_phy)

©

% Add RMAC PHY Driver
for MIl 1

|
I @ g_rmac_phy si0 Ethernet |
<

& Add PHY-LSI

wummary BSP | Clocks Pins Interrupts |Event Links | Linker Sections | Stacks | Components

O Properties X [ Problems & Console @& Z7-k-739%- &} 29-k-72270

j_ether0 Ethernet MAC (r_rmac)

Property
v Common
Parameter Checking

Settings

+ Module g_ether0 Ethemnet MAC (r_rmac)

» General

~ Filters
Multicast Mode
Promiscuous Mode
Broadcast filter

R20ANO790EJ0120 Rev.1.20
Oct.31.25

RENESAS

Page 38 of 82




Renesas RA Family

ra, modbus, tcp

3. Setr_layer3_switch

Open “Properties” of “g_layer3_switchO Switch (r_layer3_switch)” in “Stacks” and change “gPTP

enable” to the following values.

gPTP enable : Disabled

w i“ HAL/Cormmon
47 g_ioport I/O Port (r_ioport)
4% FreeRTOS Port {rm_freertos_port)
w & New Thread
47 ModbusTCP{r_modbus_tcp_server)
# FreeRTOS Heap 4

4 g_rmac_phy0 Ethernet {r_rmac_phy) & AddR
for Ml
- )
bjects D New Object > ®_| femaove I r
- I
@ g_rmac_phy_Ifi0 Ethernet | | &7 Add PHY-LSI
PHY-LSI configuration for Ml 1
<
mmary | BSP | Clocks |Pins Interrupts | Event Links | Linker Sections | Stacks Compon
| console [ Properties %
layer3_switch0 Switch (r_layer3_switch)
sttings Property Value
~ Common
Parameter Checking Defaulg (BSP)
Available queue num 4
gPTP enable Disabled
Time Aware Shaper Disabled
 Module q_layer3_switchO Switch (r_layer3_switch)
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4. Setr_rmac_phy
Open “Properties” of “g_mac_phy0 Ethernet (r_rmac_phy)” in “Stacks” and change “Select Mll type”,
“MDIO hold timing adjustment”, and “MDIO capture timing adjustment” in “Module g_mac_phy0 Ethernet
(r_rmac_phy)” to the following values.

Select Ml type : MII
MDIO holds timing adjustment: 7
MDIO capture timing adjustment : 7

4 FreeRTOS Heap 4 = :
% Add RMAC PHY Driver
for Ml 1
I 1
Dbjects 4] New Object > &) Remov ® g mac_phy_Isi0 Ethemet [ NG Add PHY-LSI
PHY-LSI configuration for MIl 1
®
\
<
ummary | BSP | Clocks | Pins  Interrupts | Event Links | Linker Sections | Stacks | Components
I Properties % B Problems B Console @& Av-+-739%- & Av-F-vZa70
_rmac_phy0 Ethernet (r_rmac_phy)
‘ettings Property Value
» Common
ok SE Module g_rmac_phy0 Ethernet {r_rmac_phy)
Name g_rmac_phy0
Channel 0
Default PHY-LSI port 0
PHY-L5I Reset Completion Timeout 0x00020000
Select Ml type
Port Custom Init Function MNULL
Port Custom Link Partner Ability Get Function NULL
Flow Control Disable
Management frame format Clause 22 frame format
MDC clock rate (Hz) 2500000
MDIO hold timing adjustment T
MDIO capture timing adjustment

5. Set PHY Address
Open “Properties” of “g_mac_phy_Isi0 Ethernet PHY LSI” in “Stacks” and change “PHY-LSI Address” in
“Module g_mac_phy_lIsiO Ethernet PHY LSI” to “1”.

&7 Add PHY-LSI
configuration for Mil 1

Objects 4| New Object > % “emon

€
Summary BSP  Clocks Pins Interrupts | Event Links | Linker SectiunsSta_l:k‘:. Components
O Properties X &1 Problems B Console @& 2v-t759- & 27-bvZa70
g_rmac_phy Isi0 Ethernet PHY-LSI

Settings Property Value
» Commaon
¥ Module g_rmac_phy Isi0 Ethernet PHY-LSI
MName g_rmac_phy_lsi0
PHY-LSI Address
PHY-LSI type Kit Component
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6. Set ESW Clock

Change the “ESWCLK Div” at the bottom of “Clocks” to “ESWCLK Div /10”.

> ESWPHYCLK Src PLL1P

BSP Pins | Interrupts  Event Links Linker Sections Stacks | Components

[ OCTACLK Src PLL1Q ~ —> OCTACLK Div /1

> ADCCLK Src PLL2ZR ~ —> ADCCLK Div /4

v —> OCTACLK ~333.333MHz

v —2> ADCCLK 120MHz

> ESWCLK Srez PLLIP » —1 ESWCLK Div /10

v |—> ESWCLK 100MHz

~ = ETHPHYCLK Div /32

~ —> ESCCLK Div /8

v —> ESWPHYCLK 500MHz

v —> ETHPHYCLK 25MHz

v —> ESCCLK 100MHz

R20ANO790EJ0120 Rev.1.20
Oct.31.25

RENESAS

Page 41 of 82




Renesas RA Family

ra, modbus, tcp

7. Set ESWM Terminals

Change the "Operation Mode" of “Pins” — "Peripherals” — "Connectivity: ESC” — "ESC" to "Disabled".
Change the "Operation Mode" of "ESCO0" and "ESC1" to "Disabled" as well.

Pin Selection ERBR%

Type filter text

¥ Ports A~
v + Peripherals
3 Analog:ACMPHS
¥ Analog:ADCD
» ¥ AnalogADCH
> Analog:DACT2
; CLKOUTCLEOUT
CLKOUT-CMPOUT
» + CLKOUTETHPHYCLK
¥ Connectivity:CANFD
Connectivity:DSMIE
v Connectivity

Pin Configuration

Mame
Pin Group Selection
Operation Mode

» Input/OQutput

CATO_ MDC

CATO_MDIO

CATIRQ
CATLATCHO
CATLATCH1
CATLEDERR
CATLEDRUN
CATLEDSTER
CATLINKACTO

Value
Mined

Disabled

Lock Link

v U
v ESC
v ConnectiXity:ESWM_GMII/MII
ESWM_GMII/MII v

Pin Function | Pin Numbs(

Module name: ESC

Summary | BSP | Clocks Interrupts Event Links Linker Sections 5Stacks | Components

After changing the "Operation Mode" of "Pins" — "Peripherals" — "Connectivity: ESWM_GMII/MII" —
"ESWM_GMII/MII" to "Custom", change the pins as follows:

ETO_LINKSTA : P402
ETO_MDC : P708
ETO_MDIO : P709
ET1_LINKSTA : P511

Pin Selection i= ¥ = 1% Pin Configuration
[Frpe filter text Name Value Lock Link
Y = Pin Group Selection Mixed
>  Connectivity:DSMIF Hpses Mo
v Connectivity:ESC b2y s
£ec ETO_INT None
EIOANKSTA ¥ P402 B (=)
EEE? ETO_MDC v P708 &l (=)
v ¥ ConnectivibeESWM.GM M ETO_MDIO v P09 G =
( ETO_WOL None
( ETT_INT None o)
ESWM_GMII/MII1 Zho i — s
. e ET1_MDC None
. Peaaiies
il = ET1_WOL None
e s ET TAS STAO None
»  Connectivity:IC
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After changing the "Operation Mode" of "Pins" — "Peripherals" — "Connectivity: ESWM_GMII/MII" —

"ESWM_GMII/MIIQ" to "Custom", change the pins as follows:

ETO_RXDO : P702
ETO_RXD1 : P701
ETO_RXD2 : P700
ETO_RXD3 : P406
ETO_RX_CLK : P703
ETO_RX_DV : P405
ETO_RX_ER : P704
ETO_TXDO : PB00
ETO_TXD1 : PB02
ETO_TXD2 : PB03
ETO_TXD3 : PB04
ETO_TX_CLK : PBO1
ETO_TX_EN : P705

Pin Selection -} Pin Configuration
Tvoe filter text | Name Value Lock Link
- = Pin Group Selection Mixed
¥ RnsogitC) 2 Operation Mode _mm
» ¥ Analog:ADCH
Analog:DAC12 w Input/Output
ETO_GTX_CLK None
CLKOUT-CLKOUT ETO_RXDO — o o
- CLKOUT.CMPOUT v P701 o =
»  CLKOUTETHPHYCLK i
¥ Connectivity:CANFD fll s — >
S g ¥ P406 & o
Sl Vi
v ¥ Connectivity:ESWM_GMIl/Mil ER o Lol
/ ESWM_GMI/MII il il
ETO_RXD7 Nang ]
ESWM_GMIIIMIH ERL R e af >
¥ Connediv;ty;ESWM RGMII STR R DY ) Li? ¢'
Connectivir\,’:ESWM_RMll JiBiit e, LLI 5
Connectivity:13C _ ER ey s o >
>+ Connectivity:IC il ol ulé‘ ¢
Connectivity:OSPI St kil -]
¥ Connectivity:SCI ER o i af >
> ¥ Connectivity:SDHI £ o
¥ Connectivity:SPl E e [0
¥ Connectivity:USB FS ETD Je s
¥ DebugJTAG/SWD b o -
v Debug-TRACE ETO_TX_CLK ¥ PBO1 1] o
ETO_TX_EN ¥ P705 o (=]
ExBus:BUS ETO_TX_ER e
ExBus:SDRAM
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8. Set PHY Reset Terminals
Change the "Mode" of “Pins” — "Ports” — "P7” — "P711" to "Output mode (Initial High)".

Pin Selection i= @ B 1% Pin Configuration
;T:,rpo filter text Name Value Link
— Symbolic Name
» « P5 ~
Comment
> ¥ P P -
v @ PT Made IDutput mode (Initial High) I
Pull up/down Maone
« PT00
IRQ Mone
« P70
Output Type CMO5
« P702 L
« P703
MNone
« PT04
v P
o v GPIO
¥ PT0B Ve
« P7OT
« P708
« PT09
+ PT10
@ Module name: P711
P71 Port Capabilities: AGTO: AGTEED
P713 W ESC: CATRESETOUT

EEVEER A R AR TR L, S RT Re

Pin Function | Pin Numtkv

summary | BSP | Clocks Interrupts  Event Links Linker Sections Stacks Components

9. Set PHY CLK
Change the "Drive Capacity" of “Pins” — "Ports” — "P7” — "P706" to "H".

Pin Selection i= ® B 1% Pin Configuration
;T',-'pct filter text | Mame Value Link
Symbalic Mame
> « P5 -~
Comment
» + P& )
Maode Peripheral mode
v o Py
Pull up/down MNone
+ P700
IRQ Mone
¥ P701

Qutput Type CMO5S

: :;gi Drive Capacity E
v P704 w/' T
¢ P705 // nput/Qutput
m P706 ¥ ETHPHYCLK ETHPHYCLK[ = ]

>
+ PF

+ P70
« PT09
¢ PT10
¥ P7T11 Module name: PT06

P72 Port Capabilities: AGTO: AGTIOO
P713 W DSMIF1: DSM1CLKD

Froads d ~&dnfodnm. FTA ST S

Pin Function | Pin Numbb‘

wmmary BSP | Clocks Inte-rrupfs Event Links Linker Sections Stacks Components
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10. Generate the code
Generate the code with "Generate Project Content".

s,a.r [RA_Modbus) FSP Configuration > = B

Pin Configuration o

Generate Project Content

Select Pin Configuration

:n Export to CSV file }__, Configure Pin Driver Warnings

RABT2 MCK v | Manage configurations..

] Generate data: | g_bsp_pin_cfg

Pin Selection = F |a

\%  Pin Configuration “J Cycle Pin Group
| Type filter text Name Value Link
[v « ports A

> ¥ PO

11. Add Modbus Sample Application

Copy modbus_func.c, modbus_user.c, and new_thread0_entry.c from the src folder of the sample
program package to the src folder of the project and overwrite them.

W~ B H-Q - o v P » ModbusDem... » src
iy ProjectExplorer X E1 % 7V § = O | | Ra_ A za i
v I5 RA_Modbus [Debug] 3
_ Stack *] medbus_func.c
my Includes | ==
@ ra "] modbus_userc
=
& ra_gen J new_threadd_entrac
Ll hal_entry.c w ‘-'I -
(g new_thread(_entry.c
(&= Debug e
= ra_cfg e |
{3 Project Explorer < {= 'i'f_. g = B i_j: [RA_Modbus] FSP Configuration
¥ |5 RA_Modbus [Debug . :
i ] Stacks Configuration
my Includes
2 ra
2 ra_gen hoae % | New Thread
B s ® | Remove -
Le] hal_entry.c v s HAL/Common A
L& modbus_func.c & g_ioport 1/O Port (r_iopo
L&) modbus_userc & FreeRTOS Port (rm_freert
(el new_thread0_entry.c v & New Thread
(= Debug & Modbus TCP Server {rm_
= ra_cfg _.img'fﬁﬂ Hean 4 ki
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6.2.4 EK-RA8D2 Creating Procedures

This section describes the procedures for creating EK-RA8D2.

1. Add Ethernet Driver

Click “New” — “Ethernet (r_rmac)” to “Add Ethernet Driver”.

Threads

%] New Thread %] Remove =]

v ‘* HAL/Commaon
& g_ioport I/O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
w & New Thread
4 ModbusTCP{r mod bus_tep_server)
4 FreeRTOS Heap 4

Objects

4| New Object > %) Remove

New Thread Stacks

€| New Stack > —=

4% TCP Transport Interface on FreeRTOS+TCP
(r_tep_trans_freertos_plus_tep)

@
ry
!
4 FreeRTOS+TCP
@
Y

#° CranRTACLTID Wieannar ta ¢ athar frmn fraartne nlie tenl

g_freertos_plus_tcp0 FreeRTOS+TCP Wrapper to ethernet
driver (rm_freertos_plus_tep)

@

4 FreeRTOS Buffer
Allocation 2

Fh-nnt MAC (r_rmac) ||

-

USB HCDC (r_usb_hedc_ecm) |

The stack will be configured as follows:

@
ry
!
4 FreeRTOS+TCP
@

ST S

g_freertos_plus_tepO FreeRTOS +TCP Wrapper to ethernet driver (rm_freertos_plus_tcp)

@
T - T
27 4 FreeRTOS Buffer
. Allocation 2
O] ®
T
& g_layer3_switch0Q Switch (r_layer3_switch)
©)
L L L
¥ g_rmac_phy0 Ethernet (r_rmac_phy) %7 Add RMAC PHY Driver
for Ml 1
@
A
1 1
@ g_rmac_phy_Isi0 Ethernet @ g_rmac_phy_lsi1 Ethernet
PHY-LSI PHY-LSI
@ ®
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Right-click on “g_mac_phy0 Ethernet (r_rmac_phy)”, select Delete, and then click “OK” on the “Remove
Stack Elements” pop-up.

Resource Configufations E]

M Validate
r Y of Cut ctl+x [T
& g_rmac_phy_lsi0 Ethernet & g.r Copy culsc
PHY-LS| pHy (3 _Paste -
@ @ MNon-secure Callable
Import...
< &3 Export..

(i) Module Resources...

Compare With
Replace With

@ Stacks Components

L

L

Click “New” — “Ethernet (r_rmac_phy)” to “Add RMAC PHY Driver for MII1”.

$ g_ether Ethernet MAC (r_rmac)

—

®
SN AN =i ..

& g_layer3_switchD Switch (r_layer3_switch)

@

% Add RMAC PHY Driver
for MII O

1
% Add GPTP Driver to
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Right-click on “g_rmac_phy_lIsi0 Ethernet PHY-LSI”, select Delete, and then click “OK” on the “Remove
Stack Elements” pop-up.

®

ﬂ? g_layer3_switchO Switch (r_layer3_switch)

®

B R K

% Add RMAC PHY Driver
for MIL D

& g_rmac_phy0 Ethemet

®

© L

Team

Resource Configurations
Validate

Cut

Copy

Paste

Delete

Non-secure Callable
mport.

Export...

Module Resources...

Compare With
Replace With

Ctrl+X
Ctrl+C
Ctrl+V

[T

Ad:
BUL
im
Of

®
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2. Setr_rmac
Open “Properties” of “g_ether0 Ethernet MAC (r_rmac)” in “Stacks” and change “Channel” and
“Promiscuous Mode” in “Module g_mac_phy0 Ethernet (r_rmac_phy)” to the following values.

Channel : 1
Promiscuous Mode : Enable

W treeK IUS Port (rm_freertos_port)

* & New Thread
-+F ModbusTCP{r_modbus_tcp_server)
4 FreeRTOS Heap 4

¥ g_layer3_switchD Switch (r_layer3_switch)

iects €] New Object > ¥ femove
@
'Y
I
<
imary . BSP Clocks Pins Interrupts |Event Links | Linker Sections | Stacks Compo
Console ] Properties X
sther0 Ethernet MAC (r_rmac)
tings Property
~ Common
Parameter Checking
+ Maodule g_etherQ Ethernet MAC (r_rmac)
~ General

Name

Channel

Zero-copy Mode () Disable

Flow control functionality Disable

MAC address 00:11:22:33:44:55

~ Filters

Multicast Mode Enable

Promiscuous Mode

Broadcast filter 0
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3. Setr_layer3_switch

Open “Properties” of “g_layer3_switchO Switch (r_layer3_switch)” in “Stacks” and change “gPTP

enable” to the following values.

gPTP enable : Disabled

H2
o
dbjects & New Object > %] femove &)
- *
% Add RMAC PHY Driver 4 g_rmac_phy0 Ethemnet {r_rmac_phy)
for MIl O
@®
/ Y
I I
<
immary |BSP Clocks Pins Interrupts Event Links | Linker Sections Stacks Compgnents
3 console [ Properties
_layer3_switchO Switch (r_layer3_switch)
ettings Property Value
v Common
Parameter Checking Defaulf (BSP)
Available queue num 4
gPTP enable
Time Aware Shaper Disabled
v Madule g_layer3_switchO Switch (r_layer3_switch)
» Interrupts
R20ANO0790EJ0120 Rev.1.20 Page 50 of 82
Oct.31.25 RENESAS




Renesas RA Family

ra, modbus, tcp

4. Setr_rmac_phy

Open “Properties” of “g_mac_phy0 Ethernet (r_rmac_phy)” in “Stacks” and change “Channel’, “Default
PHY-LSI port” and “Select Ml type” in “Module g_mac_phy0 Ethernet (r_rmac_phy)” to the following

values.

Channel : 1
Default PHY-LSI port : 1
Select Ml type : RGMII

& g_ioport I/O Port (r_ioport)

& FreeRTOS Port (rm_freertos_port)
w & New Thread

& ModbusTCP(r modbus_tcp_server)

47 FreeRTOS Heap 4

Objects %] New Object > 5| femay

Summary | BSP | Clocks | Pins  Interrupts | Event Links | Linker Sections | Stacks Components

& Console [ Properties

g_rmac_phy0 Ethernet (r_rmac_phy)

Settings Property
v Common

Parameter Checking
KSZB091RNB Target
KSZ8041 Target
DP82620 Target
1CS1894 Target
GPY111 Target
User Own Target
Reference Clock

APl Info

w Module g_rmac_phy0 Ethemet (r_rmac_phy)
Name
Channel
Default PHY-LSI port
PHY-LSI Reset Completion Timeout
Select Ml type
Port Custom Init Function
Port Custom Link Partner Ability Get Function
Flow Contral
Management frame format
MDC dock rate (Hz)
MDIO held timing adjustrment
MDIO capture timing adjustment

% Add RMAC PHY Driver
forMil O

% Add PHY-LSI @ g_rmac_phy_lsi1 Etheret
configurationfor Mil O PHY-LSI

@

<

Value

Default (BSP)
Disabled
Disabled
Disabled
Disabled
Disabled
Disabled
Default

g_rmac_phy0

020000
L]
NULL
Disable
Clause 22 frame format
2500000
0
0

5. Set ESW Clock

Change the “ESWCLK Div” at the bottom of “Clocks” to “ESWCLK Div /10”.

ADCCLK Src PLL2R
ESWCLK Src PLLIP

ESWPHYCLK S

ferrupts  Event Links  Linker Sections Stacks | Components

v = ADCCLK Div /4

v —> ESWPHYCLK Div /2

HPHYCLK Src: PLLZQ v —> ETHPHYCLK Div /32

~ =2 ADCCLK 120MHz

ESWCLK 100MHz

~ —> ESWPHYCLK 500MHz

~ =3 ETHPHYCLK 25MHz

R20ANO790EJ0120 Rev.1.20
Oct.31.25

Re Page 51 of 82
RENESAS




Renesas RA Family

ra

, modbus, tcp

6. Set PHY Reset Terminals

Change the "Mode" of “Pins” — "Ports” — "P7” — "P708" to "Output mode (Initial High)".

Mode
W

Value
ETHERMET_RST

Link

|0u:pu: maode (Initial High) |

Pin Selection + = 1%  Pin Configuration
Type filter text | Name
Symbolic Name
¢ PT05 A
Comment
v PT06
v P07
fr08 | —8m8 |
[ros_] =
v P709
PT10 Qutput Type
Drive Capaci
P71 pacity
P712 Module name:
D742 o

Pin Function | Pin Numbe:

[ T I I [P

PTO8

[ TR TP, P |

summary | BSP | Clocks Interrupts Event Links Linker Sections Stacks Components

Bl frncinln

| Drmmartine

e

7. Generate the code

Generate the code with "Generate Project Content".

5:;: [RA_Modbus) FSP Configuration >

Pin Configuration

Select Pin Configuration

RABTZ MCK

Pin Selection ERBEA

Type filter text
| v + Ports A
> ¥ PO

Pin Configuration

| Name

v | Manage configurations..

=0

0

Generate Project Content

._ﬂ Export to CSV file i_, Configure Pin Driver Warnings

] Generate data: | g_bsp_pin_cfg

.Value . Link

“J Cycle Pin Group
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8. Add Modbus Sample Application

Copy modbus_func.c, modbus_user.c, and new_thread0_entry.c from the src folder of the sample

program package to the src folder of the project and overwrite them.

~ |5 RA_Modbus [Debug]

L=

LEj
L&} modbu

ks

modbus_func.c

new_thread0_entry.c

| B - ﬂ 8 Q- - v A s ModbusDem... * src
i3 ProjectExplorer X E1 9% 7 § © O | Ra_ A oz o
W Modb ebug
i{:&@_ Sl ] Stack ij modbus_func.c
mi Includes | o
@ ra J modbus_userc
e
3 ra_gen - | ) J new_threadd_entr.c
-—
lg] hal_entry.c o iﬁ "
(g new_thread0_entry.c
&= Debug e
= ra_cfg v @
g Project Explorer X = .3':'. i m 1;,» [RA_Modbus] FSP Configuration

Stacks Configuration
my Includes
B ra
& ra_gen Threads .
@B erc H | Remove -
{g] hal_entry.c v o HAL/Common o>

o g_ioport /O Port (r_iopo
& FreeRTOS Port (rm_freert
v & New Thread

5 _USET.C

(& Debug

= ra_cfg

& Modbus TCP Server (rm_
b
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6.2.5 EK-RA8P1 Creating Procedures

This section describes the procedures for creating EK-RA8P1.

1. Add Ethernet Driver

Click “New” — “Ethernet (r_rmac)” to “Add Ethernet Driver”.

Threads %] New Thread %] Remave =]

v “"‘ HAL/Comman
& g_ioport I/O Port (r_ioport)
& FreeRTOS Port (rm_freertos_port)
v & New Thread
4 ModbusTCP(r mod bus_tcp_server)
4 FreeRTOS Heap 4

Objects 4| New Object > % | femove

New Thread Stacks &) New Stack > ——

4 Tcp Transport Interface on FreeRTOS+TCP
(r_tep_trans_freertos_plus_tep)

@
ry
L
4 FreeRTOS+TCP
@
ry

@ CraalTACLTID Wiamnar ba ¢ athar frwn fraarbae nlie tonl
g_freertos_plus_tcp0 FreeRTOS+TCP Wrapper to ethernet
driver (rm_freertos_plus_tep)

®

4% FreeRTOS Buffer
Allocation 2

New > [t Fthemet MAC (r_mac)

H USB HCDC (r_usb_hcdc_ecm)
— . |

The stack will be configured as follows:

@
Y
I
47 FreeRTOS+TCP
@

ry
L

[ao e rn

@

A S WP
g_freertos_plus_tcpO FreeRTOS +TCP Wrapper to ethernet driver (rm_freertos_plus_tcp)

@

47 FreeRTOS Buffer
Allocation 2

®

mid

@

4% g_layer3_switch Switch (r_layer3_switch)

4% g_rmac_phy0 Ethernet (r_rmac_phy)

@

% Add RMAC PHY Driver
for Ml 1

I

@ ®

@ g_rmac_phy_Isi0 Ethernet @ g_rmac_phy_lsi1 Ethernet
PHY-LSI PHY-LSI
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Right-click on “g_mac_phy0 Ethernet (r_rmac_phy)”, select Delete, and then click “OK” on the “Remove
Stack Elements” pop-up.

Resource Configufations E]

M Validate
r Y of Cut ctl+x [T
& g_rmac_phy_lsi0 Ethernet & g.r Copy culsc
PHY-LS| pHy (3 _Paste -
@ @ MNon-secure Callable
Import...
< &3 Export..

(i) Module Resources...

Compare With
Replace With

@ Stacks Components

L

L

Click “New” — “Ethernet (r_rmac_phy)” to “Add RMAC PHY Driver for MII1”.

$ g_ether Ethernet MAC (r_rmac)

—

®
SN AN =i ..

& g_layer3_switchD Switch (r_layer3_switch)

@

% Add RMAC PHY Driver
for MII O

1
% Add GPTP Driver to
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Right-click on “g_rmac_phy_lIsi0 Ethernet PHY-LSI”, select Delete, and then click “OK” on the “Remove
Stack Elements” pop-up.

®

ﬂ? g_layer3_switchO Switch (r_layer3_switch)

®

B R K

% Add RMAC PHY Driver
for MIL D

& g_rmac_phy0 Ethemet

®

© L

Team

Resource Configurations
Validate

Cut

Copy

Paste

Delete

Non-secure Callable
mport.

Export...

Module Resources...

Compare With
Replace With

Ctrl+X
Ctrl+C
Ctrl+V

[T

Ad:
BUL
im
Of

®
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2. Setr_rmac
Open “Properties” of “g_ether0 Ethernet MAC (r_rmac)” in “Stacks” and change “Channel” and
“Promiscuous Mode” in “Module g_mac_phy0 Ethernet (r_rmac_phy)” to the following values.

Channel : 1
Promiscuous Mode : Enable

W treeK IUS Port (rm_freertos_port)

* & New Thread
-+F ModbusTCP{r_modbus_tcp_server)
4 FreeRTOS Heap 4

¥ g_layer3_switchD Switch (r_layer3_switch)

iects €] New Object > ¥ femove
@
'Y
I
<
imary . BSP Clocks Pins Interrupts |Event Links | Linker Sections | Stacks Compo
Console ] Properties X
sther0 Ethernet MAC (r_rmac)
tings Property
~ Common
Parameter Checking
+ Maodule g_etherQ Ethernet MAC (r_rmac)
~ General

Name

Channel

Zero-copy Mode () Disable

Flow control functionality Disable

MAC address 00:11:22:33:44:55

~ Filters

Multicast Mode Enable

Promiscuous Mode

Broadcast filter 0
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3. Setr_layer3_switch

Open “Properties” of “g_layer3_switchO Switch (r_layer3_switch)” in “Stacks” and change “gPTP

enable” to the following values.

gPTP enable : Disabled

H2
o
dbjects & New Object > %] femove &)
- *
% Add RMAC PHY Driver 4 g_rmac_phy0 Ethemnet {r_rmac_phy)
for MIl O
@®
/ Y
I I
<
immary |BSP Clocks Pins Interrupts Event Links | Linker Sections Stacks Compgnents
3 console [ Properties
_layer3_switchO Switch (r_layer3_switch)
ettings Property Value
v Common
Parameter Checking Defaulf (BSP)
Available queue num 4
gPTP enable
Time Aware Shaper Disabled
v Madule g_layer3_switchO Switch (r_layer3_switch)
» Interrupts
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4. Setr_rmac_phy

Open “Properties” of “g_mac_phy0 Ethernet (r_rmac_phy)” in “Stacks” and change “Channel’, “Default
PHY-LSI port” and “Select Ml type” in “Module g_mac_phy0 Ethernet (r_rmac_phy)” to the following

values.

Channel : 1
Default PHY-LSI port : 1
Select Ml type : RGMII

& g_ioport |/O Port (r_ioport)

& FreeRTOS Port (rm_freertos_port)
~ & New Thread

& ModbusTCP(r_modbus_tcp_server)

4 FreeRTOS Heap 4

% Add RMAC PHY Driver
forMil O

% Add PHY-LSI @ g_rmac_phy_Isi1 Etheret
- - configurationfor MIl 0 PHY-LSI
Objects % | New Object > | Femayve
: @
VA
L4
Summary | BSP | Clocks | Pins Interrupts | Event Links | Linker Sections SLcks Components
B console [ Properties
g_rmac_phy0 Ethernet (r_rmac_phy)
Settings Property Value
~ Commeon
Abtinto Parameter Checking Default (BSP)
KSZBO91RNB Target Disabled
KSZ8041 Target Disabled
DP83620 Target Disabled
1C51894 Target Disabled
GPY111 Target Disabled
User Own Target Disabled
Reference Clock Default
+ Module g_rmac_phy0 Ethemet (r_rmac_phy)
Name g_rmac_phyQ
Channel
Default PHY-LSI port uﬂ
PHY-LSI Reset Completion Timeout 020000
Select Ml type [ RGMil
Port Custom Init Function U
Port Custom Link Partner Ability Get Function NULL
Flow Control Disable
Management frame format Clause 22 frame format
MDC dock rate (Hz) 2500000
MDIO held timing adjustment o
MDIO capture timing adjustment 1]
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5. Set ESW Clock
Change the “ESWCLK Div” at the bottom of “Clocks” to “ESWCLK Div /10”.
ADCCLK Src: PLLZR v —> ADCCLK Div /4 ~ —> ADCCLK 120MHz
ESWCLK Sre: PLLP v ESWCLK 100MHz
ESWPHYCLK S: B v —> ESWPHYCLK Div /2 ~ —3 ESWPHYCLK 500MHz
ETHPHYCLK Src: PLL2Q ~ — ETHPHYCLK Div /32 ~ —> ETHPHYCLK 25MHz -
2
SPi errupts  Event Links  Linker Sections Stacks | Components
6. Set PHY Reset Terminals
Change the "Mode" of “Pins” — "Ports” — "P7” — "P708" to "Output mode (Initial High)".
Pin Selection i= & = 1%  Pin Configuration
Type filter text [ Name Value Link
Symbolic Name ETHERNET_RST
¢ PT05 ~
Btk Comment
Mode IOutput mode (Initial High) I
il ilail) —"P"ll'ﬂm/—' -
(V]| I GTT
pr08 | —8 |
710 Output Type CMOS
6741 Drive Capacity H
P712 Module name: P708
W
o743 [ O N T PPUSN VR T, Tk
Pin Function | Pin Numbe:
summary | BSP | Clocks Interrupts Event Links Linker Sections Stacks Components
B fiicnla R Dan st W
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7. Set PHY Clock Terminals

Change the "Operation Mode" of “Pins” — "Peripherals” — ” HMI: GLCDC” — " GLCDC " to "Disabled".

Pin Selection ERBEA

Type filter text

¥ Debug:JTAG/SWD -
Debug:TRACE
ExBus:BUS

+ ExBus:SDRAM
HMI:CEU

A HMI:GLCDC

+ HMEMIPI
InterruptIRQ

¥ System:CGC
TRG:ADC(Digital)
TRG:CAC
Timers:AGT

F 1 1 — ST

Pin Function | Pin Number

Summary | BSP | Clocks Interrupts ' Event Links  Linker

z  Pin Configuration
Name Value
Pin Group Selection Mixed

Operation Mode
v |nput/Cutput

LCD _DATAD
LCD_DATA1
LCD _DATAZ2
LCD_DATA3
LCD_DATA4
LCD_DATAS 0
LCD _DATAB MNane

Module name: GLCDC

Sections Stacks Components

Lock

Link

After changing the "Operation Mode" of "Pins" — "Peripherals" — " CLKOUT: ETHPHYCLK" — "
ETHPHYCLK " to "Custom", change the pins as follows:

ETHPHYCLK : P902

Pin Selection ERBR
Type filter text
Analog:DACT2 -
CLKOUT-CLKOUT
CLKOUT-CMPOUT
v

CLKOUT:ETHPHYCL/
]

Connectivity.CANFD

Connectivity:ESWM_GMII/MI|

¥ Connectivity: ESWM_RGMII
Connectivity:ESWM_RMII

Connectivity:13C

Pin Configuration

v
¥ Connectivity:[IC
L
¥

Name Value Lock
Pin Group Selection Mixed
Operation Mode
v Input/Output
LK P30 Fiy

Link

Connectivity:0SPI Module name:  ETHPHYCLK

Connectivity:PDM %
Pin Function | Pin Number
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8. Generate the code

Generate the code with "Generate Project Content".

s,a.r [RA_Modbus) FSP Configuration >

Pin Configuration

Select Pin Configuration

=0

Generate Project Content

0

:ﬂ Export to CSV file _i__ Configure Pin Driver Warnings
] Generate data: | g_bsp_pin_cfg

Value Link

RABTZ MCK v i Manage configurations.
Pin Selection = [# = 1% Pin Configuration
| Type filter text Name
[v « ports A
> ¥ PO

=} Cycle Pin Group

9. Add Modbus Sample Application

Copy modbus_func.c, modbus_user.c, and new_thread0_entry.c from the src folder of the sample
program package to the src folder of the project and overwrite them.

| O~ R~ G-

I3 Project Explorer % =) 4 7/ §
v I RA_Modbus [Debug]

mi Includes

Bra
2 ra_gen
{E| hal_entry.c
(g new_thread(_entry.c

(= Debug

= ra_cfg

€ - v

y ModbusDem...

¥ ST
e @, ﬁ,E'_: IRA_ Ly _E-a-f 2
Stack = ij modbus_func.c
ij modbus_userc
ij new_threadd_entr.c
Threal [
vl "
L
v

{3 Project Explorer X = -i'f_.
¥ =5 RA_Modbus [Debug]

£ = 0O |{& [RA_Modbus] FSP Configuration X

L&l modbus_func.c
L&} modbus_userc

(el new_thread0_entry.c

Stacks Configuration
! Includes
Bra
@3 ra_gen e % | New Thread
M3 src ® | Remove —
L& hal_entry.c

W &1‘ HAL/Common L
P g_ioport /'O Port (r_iopo
& FreeRTOS Port (rm_freert

v @ New Thread
(= Debug & Modbus TCP Server (rm_
& ra_cfg & FreeRTOS Hean 4 ki
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6.2.6 EK-RA8M2 Creating Procedures

This section describes the procedures for creating EK-RASM2.

1. Add Ethernet Driver

Click “New” — “Ethernet (r_rmac)” to “Add Ethernet Driver”.

Threads

%] New Thread %] Remove =]

v ‘* HAL/Commaon
& g_ioport I/O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
w & New Thread
4 ModbusTCP{r mod bus_tep_server)
4 FreeRTOS Heap 4

Objects

4| New Object > %) Remove

New Thread Stacks

€| New Stack > —=

4% TCP Transport Interface on FreeRTOS+TCP
(r_tep_trans_freertos_plus_tep)

@
ry
!
4 FreeRTOS+TCP
@
Y

4 g_freertos_plus_tcp0 FreeRTOS+TCP Wrapper to ethernet
driver {rm_freertos_plus_tep)

@

4 FreeRTOS Buffer
Allocation 2

Fh-nnt MAC (r_rmac) ||

-

USB HCDC (r_usb_hedc_ecm) |

The stack will be configured as follows:

@®
ry
I
4 FreeRTOS+TCP
@

A
Il

4% g_freertos_plus_tep0 FreeRTOS +TCP Wrapper to ethernet driver (rm_freertos_plus_tep)

®
T - T
27) 4 FreeRTOS Buffer
. Allocation 2
@ ®
T
EY g_layer3_switchQ Switch (r_layer3_switch)
®
L L L
4 g_rmac_phy0 Ethemet (r_rmac_phy) % Add RMAC PHY Driver
for MII 1
@®
A
I I
@ g_rmac_phy_lsi0 Ethernet @ g_rmac_phy_lsi1 Ethernet
PHY-LSI PHY-LSI
® ®
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Right-click on “g_rmac_phy_lIsi1 Ethernet PHY-LSI”, select Delete, and then click “OK” on the “Remove

Stack Elements” pop-up.

®

*_

4 g_layer3_switchD Switch (r_layer3_switch)

®©

4 g_rmac_phy0 Ethernet (r_rmac_phy)

®

1

@ g_rmac_phy lsi0 Ethernet
PHY-LSI

)

© L.

Team

Resource Configurations
Validate
Cut

Copy
Paste

Delete
MNon-secure Callable
Import...

Export...
Module Resources...

Ctrl+X
Ctrl+C
Ctril+V
Delete

xR &

Compare With
Replace With

[

®

Allocation 2

2. Setr_rmac

Change the “Stacks” — "g_ether0 Ethernet MAC (r_rmac)” — "Module g_ether0 Ethernet MAC
(r_rmac)” — “Promiscuous Mode” in “Filters” to “Enable”.

E ModbusTCP(r_modbus_tcp_server)
47 FreeRTOS Heap 4

& g_layer3_switchO Switch (r_layer3_switch)

®

Objects

& | New Object > %1 ermon

L

& g_rmac_phy0 Ethemet {r_rmac_phy)

©

% Add RMAC PHY Driver
for MIl 1

|
I @ g_rmac_phy si0 Ethernet |
<

& Add PHY-LSI

wummary BSP | Clocks Pins Interrupts |Event Links | Linker Sections | Stacks | Components

O Properties X [ Problems & Console @& Z7-k-739%- &} 29-k-72270

j_ether0 Ethernet MAC (r_rmac)

Property
v Common
Parameter Checking

Settings

+ Module g_ether0 Ethemnet MAC (r_rmac)

» General

~ Filters
Multicast Mode
Promiscuous Mode
Broadcast filter
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3. Setr_layer3_switch

Open “Properties” of “g_layer3_switchO Switch (r_layer3_switch)” in “Stacks” and change “gPTP

enable” to the following values.

gPTP enable : Disabled

w i“ HAL/Cormmon
47 g_ioport I/O Port (r_ioport)
4% FreeRTOS Port {rm_freertos_port)
w & New Thread
47 ModbusTCP{r_modbus_tcp_server)
# FreeRTOS Heap 4

4 g_rmac_phy0 Ethernet {r_rmac_phy) & AddR
for Ml
- )
bjects D New Object > ®_| femaove I r
- I
@ g_rmac_phy_Ifi0 Ethernet | | &7 Add PHY-LSI
PHY-LSI configuration for Ml 1
<
mmary | BSP | Clocks |Pins Interrupts | Event Links | Linker Sections | Stacks Compon
| console [ Properties %
layer3_switch0 Switch (r_layer3_switch)
sttings Property Value
~ Common
Parameter Checking Defaulg (BSP)
Available queue num 4
gPTP enable Disabled
Time Aware Shaper Disabled
 Module q_layer3_switchO Switch (r_layer3_switch)
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4. Setr_rmac_phy

Open “Properties” of “g_mac_phy0 Ethernet (r_rmac_phy)” in “Stacks” and change “Select Mll type”,”
MDIO hold timing adjustment” and “MDIO capture timing adjustment” in “Module g_mac_phy0 Ethernet

(r_rmac_phy)” to the

following values.

Select Mll type : RGMII
MDIO hold timing adjustment : 1

MDIO capture timing

adjustment : 1

& ModbusTC P{r_modbus_tcp_server)
& FreeRTOS Heap 4

Jbjects

4| New Object >

B
=
P g_rmac_phy_Isi0 Etherfet % Add PHY-LSI
PHY-LSI configuration for Mil 1
\

<

immary .BSP Clocks | Pins Interrupts | Event Links .L'mker Sections Stacks | Compeonents

o) ] azy

-l JonFs— X A9-kFF0H-

_rmac_phy0 Ethernet (r_rmac_phy)

ettings

Pl Info

Jons+

KSZB091RNE Target
KSZ8041 Target
DP83620 Target
1051894 Target
GPY111 Target
User Own Target
Reference Clock

v Module g_rmac_phy0 Ethernet (r_rmac_phy)

Name

Channel

Default PHY-LSI port

PHY-LS! Reset Completion Timeout
Select MII type

Port Custom Init Function

Port Custom Link Partner Ability Get Function
Flow Control

Management frame format

MDC clock rate (Hz)

MDIO held timing adjustment
MDIO capture timing adjustment

AY-k¥Z2PN

&
Disabled
Disabled
Disabled
Disabled
Disabled
Disabled
Default

g_rmac_phy0
0

000020000
RGMII

NULL
Disable

Clause 22 frame format

2500000

5. Set ESW Clock

Change the “ESWCLK Div” at the bottom of “Clocks” to “ESWCLK Div /10”.

> OCTACLK Src: PLL1Q

> ADCCLK Src: PLLZR

> ESWCLK Src: PLL1P

> ESWPHYCLK Src: PLL1P

~ —2> OCTACLK Div /1

~ —2> ADCCLK Div /4

v —4 ESWCLK Div /10

ESWPHYCLK Div /2

~ —> ETHPHYCLK Div /32

~ —3 ESCCLK Div /8

BSP Pins | Interrupts  Event Links Linker Sections Stacks Components

v —> OCTACLK ~333.333MHz
v —> ADCCLK 120MHz

v |—> ESWCLK 100MH:

v —> ESWPHYCLK 500MHz

v —> ETHPHYCLK 25MHz

w =3 ESCCLK 100MHz
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6. Set PHY Reset Terminals
Change the "Mode" of “Pins” — "Ports” — "P5” — "P514" to "Output mode (Initial High)".

Pin Selection i= # B 1% Pin Configuration
Type filter text Mame Value Link
——— Symbolic Mame ETH_RSTN
w ' p5 ~
Comment
+ P500 e —
PEOY Mode Output made (Initial High)
Pull up/down None
p502
PS03 bk
CMOS
P504 5
P505
PS06 ke
P507 Input/Qutput
P514 v GPIO
P508
P509
P510
+ P511
+ P512
P513 Module name: P514
Port Capabilities: ESWM_GMII/MIL: ET_TAS_STA1
P515 v ESWM_RGMII: ET_TAS_STA1

Pin Function  Pin Nuk\er

Summary | BSP | Clocks Intern.lpts Event Links Linker Sections Stacks Components
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7. Generate the code

Generate the code with "Generate Project Content".

s,a.r [RA_Modbus) FSP Configuration >

Pin Configuration

Select Pin Configuration

RABTZ MCK

Pin Selection = [# = 1% Pin Configuration

| Type filter text Name
v  Ports A
> v PO

=0

0

Generate Project Content

:ﬂ Export to CSV file _i__ Configure Pin Driver Warnings

] Generate data: | g_bsp_pin_cfg

=} Cycle Pin Group
Value Link

8. Add Modbus Sample Application

Copy modbus_func.c, modbus_user.c, and new_threadO_entry.c from the src folder of the sample
program package to the src folder of the project and overwrite them.

B~ B Q- E v s ModbusDem... » src
iy ProjectExplorer X E1 % 7V § = O | Ra_ Az &
“ I5 RA_Modbus [Debug]

_ Stack *] medbus_func.c
mi Includes | ez
& ra J modbus_userc
=
f J new_threadd_entr.c
" ra_gen Threa E
_
tel hal_entryc w ﬁ -
te new_thread(_entry.c
(= Debug L
= ra_cfg w @
{3 Project Explorer X = i'f_. ; = {_‘3: [RA_Modbus] FSP Configuration X
¥ 15 RA_Modbus [D g :
= PA Uy ebugl Stacks Configuration
! Includes
Era
2 ra_gen e % | New Thread
@ src ® | Remove -
t& hal_entry.c v i HAL/Common o
L€ modbus_func.c & g_ioport I/O Port (r_iopo
t€] modbus_userc 4 FreeRTOS Port (rm_freert
(el new_thread0_entry.c v & New Thread
(= Debug & Modbus TCP Server (rm_
& ra_cfg & FreeRTOS Hean 4 ki
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7. Execution of Modbus Sample Project

Before you begin, read "5. Evaluation Board Connection Setup" to complete the hardware connections.
Also, read "6. Setting Up the Modbus Sample Project" to complete the preparation of the Modbus sample

project.

1. Build the project

Right-click on the project from the “Project Explorer”, then select “Build Project”.

Project Explorer > = t., y 8 =0
v 15 RA Modbus [[ s
o,
» Binaries
o Go Into
> bl Includes
> Bra Open in New Window
> €2 ra_gen Show In Alt+Shift+W >
v (B src B copy Ctrl+C
> Lg| hal_entry Paste Ctrl 4+
> Lgl modbus/ 3§ Delete Delete
> ic| modbus Source >
> [€] new_thre Mave..
> (& Debug Rename... F2
>Sucds o import.
> ? script &4 Export..
& : :
2 configuratic b etas FED 3
= ra_cfg.tet
¥ RA Modbus|_ Bulld Projet
> (@ Developer / Clean Project
2 | Refresh F5
Close Project
Close Unrelated Project
At this time, make sure there are no build errors.
{5 Project Explorer X =] 4 § = O | £} [RA_Modbus] FSP Configuration X
vie Rf‘MDdbm Stacks Configuration
i Binanes
i Includes
@ Threads 4 | New Thread ® | Remove - New Thread Stacks
& ra_gen v B WAl iChmmon =] (rm_freertos_plus_tcp)
v B src = 8l (E
18 hal entry.c Objects | New Object > ||

modbus_func.c

L]
1g] modbus_userc

Debug
build

ra_cfg

& 6§

Y

script

i\

@

configuration.xml

] ra_cfg.txt

(@ Developer Assistance

el new_thread0_entry.c

X| RA_Modbus Debug_Flatlaunch

Summary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

[ Properties |[£] B @ 23-+-759Y- | B Console X

CDT Build Console [RA_Modbus]

..fra/aws/FreeRTOS/FreeRT0S-Plus/Source/FreeRT0S-Plus-TCP/source/FreeRTOS
..[fra/aws/FreeRTOS/FreeRTOS-Plus/Source/FreeRTOS-Plus-TCP/source/FreeRTOS
..frafaws/FreeRTOS/FreeRTOS-Plus/Source/FreeRTOS-Plus-TCP/source/FreeRTOS
../rafaws/FreeRT0S/FreeRT0S5-Plus/Source/FreeRT0S-Plus-TCP/source/FreeRTOS
..frafaws /FreeRT0OS/FreeRT05-Plus/Source/FreeRTOS-Plus-TCP/source/FreeRT0OS
..fra/aws/FreeRTOS/FreeRTO5-Plus/Source/FreeRT0OS-Plus-TCP/source /FreeRTOS
../ra/aws/FreeRTOS/FreeRTOS5-Plus/Source/FreeRTOS-Plus-TCP/source /FreeRTOS
..frafaws/FreeRT0S/FreeRT0S-Plus/Source/FreeRT0S-Plus-TCP/source/FreeRTOS
. ./rafaws/FreeRT0S/FreeRT0S-Plus/Source/FreeRT0S-Plus-TCP/source/FreeRTOS
. ./ra/aws/FreeRT0OS/FreeRT0OS-Plus/Source/FreeRTOS-Plus-TCP/source/FreeRTOS
target: RA_Modbus.elf

Building
Building
Building
Building
Building
Building
Building
Building
Building
Building
Building
arm-none
arm-none
text

file:
file:
file:
file:
file:
file:
file:
file:
file:
file:

-eabi-objcopy -0 srec "RA_Modbus.elf"
-eabi-size --format=berkeley “RA_Modbus.elf"
data bss dec

26300 __GOR 013772 070680 _ocfbB RA Modbus.elf

13:34:10 Build Finished. @ errors, @ warnings. (took 14s.174ms)

hex filename

"RA_Modbus .srec”
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2. Download the application and run the debugger.
To start debugging, follow the steps below:

In “Project Explorer” view, right-click on the project to be debugged and select “Debug As” — “Debug

Configurations”.

{2 Project Explorer X
v =5 RA Modbus ™ *
New

> b‘ Binaries
> mlt! Includes i s
sBn Open in New Window
> @ ra_gen Show In
» B sre 2 Copy
> & Debug Paste
» [ settings | 3 Delete
> = racfg Source
> k= script Move..
= .api_xml| Rename...
= clangd |
X| .cproject H :npart---
X .project i
> Renesas FSP
= .secure_az
s Build Project
et Clean Project
& configura = Rl
= ra_cfg.tut fase e
X RA_Modk Close Unrelated Project
> (2) Develope Build Targets
Index

Build Configurations
Source

Run As
Debug As
Team

= O

Compare With

Restore from Local History...
MISRA-C

C/C++ Project Settings

Renesas C/C++ Project Settings
#* Run C/C++ Code Analysis

__Jﬁ

Alt+Shift+W >
Ctri+C

Ctrl+V
Delete
»

F2

F5

>

s 'L:'-:E'_RA_Modbus]FSPCnnligurminn X

Stacks Configuration

Threads | New Thread #

d -’3’ HAL/Commaon
& g_ioport |/O Port (r_ioport)
4 FreeRTOS Port (rm_freertos_port)
v @ Mew Thread
& ModbusTCP{r_modbus_tcp_server)
& FreeRTOS Heap 4

Objects % | New Object > =

Summary | BSP | Clocks | Pins Interrupts | Event Links | Linker

| 1 GDB OpenQCD Hardware Debugging (DSF) |
| 2 GDB Simulator Debugging (RH850) |
| 3 Local C/C++ Application

4 Renesas GDB Hardware Debugging

CIGEIEIE

5 Renesas Simulator Debugging (RX, RL78)

Ctrl+Alt+P | Debug Configurations... I
el jodbus Debug_Flat (Renesas Hardware Debugging) |

[ Buildine file: ../ra/aws/FraeeRT0S/FrasRTOS-
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3. Program download.
Select “Renesas GDB Hardware Debugging” — “xxxxx Debug_Flat”, then click “Debug”.

&) Debug Configurations O s ‘
Create, manage, and run configurations ﬁ
|
s 5 S = 7 -
HeEX B Name: | RA_Modbus Debug_Flat | |
type filter text [} Main | % Debugger # Startup %~ Source | [C] Common
[€] c/C++ Application A
p— R Project:
L€ | C/C++ Remote Application
L EASE Script RA_Modbus | Browse...
E GDB Hardware Debugging C/C++ Application:

[€7] GDB Simulator Debugging (RHI
Debug/RA_Modbus.elf

Variables... Search Project... Browse...

- | RA_Modbus Debug_Flat

[£7] Renesas Simulator Debugging {

< »
Filter matched 9 of 11 items Revert Apply

@

The following dialog appears. Switch to the debug screen.

3 Confirm Perspective Switch X

'e This kind of launch is configured to open the Debug perspective when it suspends,

This Debug perspective supports application debugging by providing views for displaying
the debug stack, variables and breakpoints.

Switch to this perspective?

[JRemember my decision

T

4. Program starts.
Click the Resume button.
When debugging starts, the program is suspended at main.c.
Click the Resume button again to run the program.

a workspace RA - RA8T1_MCK_Modbus/ra/fsp/src/bsp/cmsis/Device/RENESAS/Source/startup.c -

File Edit Source Refactor Navigate Search Project Renesas Views Run Renesas Al Wi

5:« - ‘ - e | b . oS _r 1-9 x *} - q - [j” - #“ »
15 Debug X = % i® § = O & [RAST1_MCK_Modbus]
v [€7] RABT1_MCK_Modbus Debug_Flat [Renesas GDB Hardware Debu| ®8 64 |
v ¥ RA8T1_MCK_Modbus.elf [1] [cores: 0] 65

v ® Thread #1 1 (single core) [core: 0] (Suspended : Signal : SK
= Reset_Handler() at startup.c:64 0x2002898

. arm-none-eabi-gdb (12.1) . a

w. Renesas GDB server (Host) 70
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8. Modbus Communication Using Modbus Demo Application

This section demonstrates the procedure for checking the demo operation of the Modbus sample application
using the Modbus demo application. For information on configuring the Modbus protocol stack, see "9.1.
Appendix A: Modbus Protocol Stack Configuration".

8.1

IP Address Setting

To run the Modbus sample application, it is necessary to set the IP address of the PC running the evaluation
tool, which is the client, to the same domain as the evaluation board.

Open the network connections list.

Control panel — Network and Sharing Center — Change adapter settings.
Double-click (or right-click) on the Local Area Connection, then select Properties.

Select TCP/IPv4 and click the Properties button.

Heiworking | Shaing
Conmect g
¥ TerDAT dntel PO Ethemnet dcdapter [Gigats)

This egnnection uses the followang hems
W PR Chent for Micresoll Netwodks
Dhetemsmiriatic Netwerk Erhances
Dof Packet Schedde
Filis ad Privber Sharng bor Macnoool Nabwod::
& i TwnCAT Efhwesnet Frotocol
| & |rbemmet Probocol Yeesion & [TCPAPVE)

S Iriemmet Frobocol Viersion 4 [TCPAPw
i

]

Dazcriplion

Transrmeraon Contiol ProtocolAnbsrmet Protocol The defall
wide atea networ, potoced that provides: commuracation
acioss droerse mbenconreched networks

2.

Set IP-address and subnet mask
IP Address : 192.168.1.101, subnet mask : 255.255.255.0.

You can get [P settings assigned automatically if your network supports
this capability. Otherwize, you need to ask your network admirestrator
fer the appropriste TP settings.

Qbitain an 1P address aukomstcaly

@ Lige the Foowng [P address:
1P address:

Sygbanet moarsh::

Defsukt gateway:

server address sutomatic

@ L2 the Following DNS server sddresses:

Frefemed DNS server:

flternate DS server:

|7 wabdars sattings upon sxit
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8.2 Setting up of Modbus Demo Application

1. Start "ModbusDemoApplication.exe" included in this sample program package.
Under "Connection", select TCP Server and set the server IP address (for example, "192.168.1.100")
and port number (for example, "502").

85! Modbus Demo Application for RA

File(E) Help

Connection

lTOP server

RTU

NOMNE Parity

1 stop bit

Remote Modbus Server
Part

IHZ.IEE,I.II]U

| [s02

Socket exception

o
Coils

—

Discrete Inputs |20

Slave ID

| 255

Connection Timeout

2.

3.

Click the Connect button. Once connected, the LED on the evaluation board should start blinking,
indicating active Modbus communication.

Check the Modbus communication status by using a packet analysis tool like Wireshark.

mae RE| Q &= R A S
W [ETobE - <Guk/> &me =3 )+
No Time Source SrcPort Destination DstPort Protocol Length  Info ~
42794 203-85-96 ©7:16:00.68678¢  192.168.1.180 582 192.168.1.101 61763 TCF 60 582 + E1763 [ACK] 520-156557 Ack=185081 Win-1468 |
42795 2093-85-96 €7:16:00.681269  192.168.1.180 582 192.168.1.101 61763 Modbus/TCP 64 Response: Trans: 1; unit: 255, Func:
42796 2023-85-86 €7:10:00.693146  192.168.1.1e1 61763 192.168.1.109 582 Modbus/TCP B8 Query: Trans: 1; unit: 255, Func:
42797 2023-85-96 €7:16:00.693661  192.168.1.189 582 192.168.1.101 61763 TCP 68 582 + £1763 [ACK] Seq-156687 Ack=185095
42798 2023-85-96 ©7:16:00.694147  192.168.1.189 582 192.168.1.101 61763 Modbus/TCP 66 Response: Trans: 1; unit: 255, Func:
42799 2023-05-96 @7:10:00.716168  192.168.1.1e1 51763 192.168.1.108 582 Modbus/TCP 86 Query: Trans: 1; unit: 255, Func:
42800 2023-05-96 @7:10:00.716747  192.168.1.100 582 192.168.1.101 61763 TCP 68 582 + 61763 [ACK] Seq-156619 Ack-185187
42801 2023-05-96 @7:10:00.717374  192.168.1.109 582 192.168.1.101 61763 Modbus/TCP 64 Response: Trans: 1; unit: 255, Func:
42807 2023-05-96 @7:10:00.728884  192.168.1.1e1 51763 192.168.1.108 582 Modbus/TCP B8 Query: Trans: 1; unit: 255, Func:
42803 2023-05-96 @7:10:00.729428  192.168.1.109 582 192.168.1.101 61763 TCP 68 502 + 61763 [ACK] Seq-156629 Ack=185121 Win-1268 |
42804 2023-05-96 @7:10:00.729948  192.168.1.109 582 192.168.1.101 61763 Modbus/TCP 66 Response: Trans: 1; unit: 255, Func: 15 Writ
42805 2023-05-96 @7:10:00.752412  192.168.1.1e1 51763 192.168.1.108 582 Modbus/TCP 86 Query: Trans: 1; unit: 285, Func: 2@ Reac
42806 2023-25-96 @7:10:00.752851  192.168.1.109 582 192.168.1.101 61763 TCP 68 582 + 61763 [ACK] Seq-156641 Ack=185133 Win-1268 |
42807 2023-05-96 @7:10:00.753349  192.168.1.109 582 192.168.1.101 61763 Modbus/TCP 64 Response: Trans: 1; unit: 285, Func: 2@ Reac
42808 2023-05-96 @7:10:00.766203  192.168.1.1e1 51763 192.168.1.108 582 Modbus/TCP B8 Query: Trans: 1; unit: 255, Func: 15 Writ
42809 2023-05-96 @7:10:00.766554  192.168.1.109 582 192.168.1.101 61763 TCP 62 502 + 61763 [ACK] Seq-156651 Ack=185147 Win-1268 |
42810 2023-25-96 @7:10:00.767091  192.168.1.109 582 192.168.1.101 61763 Modbus/TCP 66 Response: Trans: 1; unit: 255, Func: 15 Writ
42811 2023-85-96 @7:10:00.789892  192.168.1.1e1 51763 192.168.1.108 582 Modbus/TCP 86 Query: Trans: 1; unit: 285, Func: 2@ Reac
42812 2023-05-96 @7:10:00.796329  192.168.1.109 582 192.168.1.101 61763 TCP 68 582 + 61763 [ACK] Seq-156663 Ack=185159 Win-1268 |
42813 2023-05-96 @7:10:00.79€828  192.168.1.109 582 192.168.1.101 61763 Modbus/TCP 64 Response: Trans: 1; unit: 285, Func: 2@ Reac
L 22812 2e23-es-ec @7:10:00.Ge2603  192.168.1.181 61763 192.168.1.108 582 Modbus/TCP B8 Query: Trans: 1; Unit: 255, Func: 15 Writ
< >
Frame 1: 66 bytes on wire (528 bits), 66 bytes captured (528 bits) @8 11 22 33 44 55 c4 36 c@ ea 51 49 08 00 45 8@ - "30U-6
Ethernet II, Src: Buffalo_ea:51:49 (c4:36:c@:ea:51:49), Dst: CIMSYS, 88 34 66 d9 40 B0 80 66 Of dl c@ a8 @l 65 c@ a8 -4f-@- -
Internet Protocol Version 4, Src: 192.168.1.191, Dst: 192.168.1.108 @1 64 f1 43 81 f6 7519 b6 96 @3 @@ Ge 5a 56 18  d-C
Transmission Control Protocol, Src Port: 61763, Dst Port: 582, Seq: 9 2c a5 23 ea oo [E e oo @o @s ff 02 @0 o8 = [
80 @8 .
Modbus /TCP
Modbus
< >
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8.2.1 Modbus Demo Application Specification
The LED blinking can be controlled dynamically by communicating with the PC through the Modbus TCP
protocol.

For this control, Read Coil and Write Coil function codes are used.

After clicking the "Connect" button, LEDs 1 to 3 will blink periodically.

85! Modbus Demo 7= (] X
File(F) Help

TCP server

o
Coils
115200bps Discrete Inputs |00

RTU
Slave ID
NONE Parity 255

1 stop bit

Gonnection Timeout

Remote Modbus Server 5000 updated per|0d|ca”y

IP Adress Port
192.168.1.100

WRITE MULTIPLE COIL ...
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9 Appendix

9.1 Appendix A: Modbus Protocol Stack Configuration
The Modbus protocol stack configuration is described below.

Configuration

| Options

\ Default \ Description

Common

Parameter Checking

+ Default (BSP)
- Enable
- Disable

Default
(BSP)

If the selected code for
parameter checking is included
in the build.

Accept Task Stack
Size

Legal values are 0x400 or higher.

0x400

Accept task stack size. Legal
values are 0x400 or higher.

Accept Task Priority

Legal values range from 0 through
(Max Priorities - 1)

2

Accept task priority. Legal
values range from 0 through
(Max Priorities - 1). Also, set
Accept Task, Receive Task,
and Service Task with the same
priority.

Receive Task Stack
Size

Legal values are 0x400 or higher.

0x400

Receive task stack size. Legal
values are 0x400 or higher.

Receive Task Priority

Legal values range from 0 through
(Max Priorities - 1)

Receive task priority. Legal
values range from 0 through
(Max Priorities - 1). Also, set
Accept Task, Receive Task,
and Service Task with the same
priority.

Service Task Stack
Size

Legal values are 0x400 or higher.

0x400

Service task stack size. Legal
values are 0x400 or higher.

Service Task Priority

Legal values range from 0 through
(Max Priorities - 1)

Service task priority. Legal
values range from 0 through
(Max Priorities - 1). Also, set
Accept Task, Receive Task,
and Service Task with the same
priority.

Maximum Number of
Clients

Legal values are from 1 to 3.

Maximum number of
connection sockets for clients.
Valid values are 1 to 3.

Receive Queue Length

Legal values are 8 or higher.

The length of the queue that
passes data between tasks.
Legal values are 8 or higher.

Server ID

Legal values are from 1 to 255.

255

Modbus server ID. Legal values
are from 1 to 255.
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Configuration

| Options

| Default

Description

Module Modbus TCP(r_modbus_tcp_server)

between 0.0.0.0
255.255.255.255,
and each IP
address should
be separated
with commas.

Name Name Must Be a | g_modbus_tcp_server0 | Module name.
Valid C Symbol

Callback for Function Name Must Be a | function_code_callback | Enter the user callback function

Code Valid C Symbol name for “Function Code”

Additional Port Number | Legal values 0 Modbus TCP Server listens on
range from 0 to both the default port “502” and
65535. Also, do the port number specified in this
not specify the property.
Modbus TCP Enter 0 if you do not want to use
Server default a port other than the default.
port number Also, do not specify the Modbus
502" with this TCP Server default port number
property. “502” with this property.

IP List Status + Disable Enable IP list enabled/disabled. If you
- Enable want to use the IP list, select

Enable. *1

IP List Mode - BlackList WhiteList The selected option takes effect,

+ WhiteList if the “IP List Status” is “Enable”.
*

IP Addresses Enter Valid IP 192.168.1.101 Enter one or more IP addresses

addresses to register in the IP List.

*1

*1: For details, see " 9.2. Appendix B: IP List Related Parameters" section.
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9.2 Appendix B: IP List Related Parameters

IP List Status, IP List Mode, and IP Addresses are IP list-related parameters.
The settings for the "When not using an IP list", "When using an IP list as a WhiteList", and "When using an
IP list as a BlackList" configurations are described below.

e  When not using an IP list
IP List Status: Disable
IP List Mode: Any value (this configuration is invalid because IP List Status is “Disable”)
IP Addresses: Any value (this configuration is invalid because IP List Status is “Disable”)

e  When using an IP list as a WhiteList
IP List Status: Enable
IP List Mode: WhiteList
IP Addresses: Any IP address to register as a WhiteList
If you are following the procedure explained in section "8. Modbus Communication
Using Modbus Demo Application" to confirm the operation, set the IP address to
"192.168.1.101".

e  When using an IP list as a BlackList
IP List Status: Enable
IP List Mode: BlackList
IP Addresses: Any IP address to register as a BlackList
If you are following the procedure explained in section "8. Modbus Communication
Using Modbus Demo Application" to confirm the operation, set the IP address other
than "192.168.1.101".

If multiple IP addresses need to be registered in the IP Addresses parameter, separate the IP addresses with

a comma (”,”) as shown below.

Example: 192.168.1.101,192.168.1.102,192.168.1.103
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9.3 Appendix C: DHCP Mode

When the operation needs to be confirmed using DHCP mode, execute the procedure below:

ra, modbus, tcp

1. Open configuration.xml from your Modbus project.

I3 Project Explorer
v &r:?v RA_Modbus
> mt Includes

> (B ra

W

i () [ [iL

> & ra_gen

> @ src

¥ = settings

& build

k= ra_cfg

& script

=| .api_xml
.cproject
.project
.secure_azone

secure xml
secure

I {‘é} configuration.xml I

= JLinkLog.log

2. Click the "Stacks" tab to open the stack configuration screen and select "FreeRTOS + TCP" in the thread

window on the left.

3. Open the properties, change "Use DHCP" to "Enable", and click the "Generate Project Content" button.

%) secure_azone
5% configuration.xml

[ Properties > | [£! B @ Smart Browser| & Console 3§ Debug

FreeRTOS+TCP
Settings  roPerty
¥ Common

Print debug messages
Backward Compatible Mode
Enable IPVE

Print info messages.

Byte order of the target MCU
IP/TCP/UDP checksums
Receive Block Time

Send Block Time

DNS caching

DNS Request Attempts

IP stack task priority

Stack size in words (not bytes)
Network Events call vApplicationlPMetworkEventHook
Max UDP send block time

Use DHCP
DHCP Register Hostname
FHED Heac | Inicact

v | Summary BSP | Clocks Pins Interrupts B

- — O X
File Edit Mavigate Search Proje
&~ &~ Q6| B@c/cer 357097 () FSP Configuration
Iy Project Explorer X =] =5
= 2
| =] 8 g
v 6 RA Mo .. Stacks Configuration Ganerats Project Cantent
> &l Includes ;
> Bra Threads # | New Thread ¥ |Remove =]  New Thread Stacks %] New Stack > == nd Stack > %] Rema
» €5 ra_gen | v & HAL/Comman L]
| >@Bsrc # g_ioport /0 Port (r_ioport)
» (& settings & FreeRIQS Port (rm freertos_p:
» (= build | v & Mew Thread
> B rachy % Modbus NP{r_modbus tep s , -
» = script > i
=) api_xml 4 FreeRTOS +TCP Wrapper to r_ether (rm freertos_plus_tcp)
X cproject Objects €| New Object
A project

@©

<

ent Links Stacks Components

HEVYES "0

Value

Disable
Yes
Disable
Disable
pdFREERTOS_LITTLE_ENDIAN
Enable
10000
10000
Enable
2
configMAX_PRIORITIES {2
configMINIMAL_STACK_BIZE * 5
Disable
15000 / portTICK_PERIJD_MS

D

| Disable
_ v
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9.4 Appendix D: User-defined Function

This section describes the Modbus sample application. Users can register their own implementation of
Modbus function code with the Modbus protocol stack.

9.4.1

Register Function Code
Definition file: src/modbus_func.c

Define the function to be registered in the callback function of the Modbus protocol stack.

9.4.2 User-defined Functions

User-defined functions are defined in the src/modbus_user.c
User-defined Read/Write functions are used to process each function.

Some functions access the following components of the evaluation board.

Evaluation User LED User-Switch

Boards @® @ ® @) ©)
EK-RA6M3 User LED1 User LED2 User LED3 User-Switch S1 User-Switch S2
EK-RAG6M4 User LED1 User LED2 User LED3 User-Switch S1 User-Switch S2
EK-RA6M5 User LED1 User LED2 User LED3 User-Switch S1 User-Switch S2
EK-RA8D1 User LED1 User LED2 User LED3 User-Switch S1 User-Switch S2
EK-RASM1 User LED1 User LED2 User LED3 User-Switch S1 User-Switch S2
MCK-RA8T1 LED1 LED2 LED3 - -

Read/Write functions and tables are provided that correspond to each address of the coil/discrete
input/holding register/input register.
The evaluation board parts and global variables accessed by the functions in each table are as follows.

[Read Coils]
address
0001

0002

0003

0004

0005

0006

0007

0008

Access

Above table User - LED(1), g_coils_area
Above table User - LED(2), g_coils_area
Above table User - LED(3), g_coils_area

g_coils_area
g_coils_area
g_coils_area
g_coils_area
g_coils_area

[Write_Single_Coils]

address
0001
0002
0003
0004
0005
0006
0007
0008

access

Above table User - LED(1), g_coils_area *1
Above table User - LED(2), g_coils_area *1
Above table User - LED(3), g_coils_area *1

g_coils_area
g_coils_area
g_coils_area
g_coils_area
g_coils_area

*1 . Each LED on the evaluation board will turn
on/off depending on the value written by this
function.
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[Read_Discrete_Inputs]

address access
1001 g_discrete_input_area
1002 g_discrete_input_area
1003 g_discrete_input_area
1004 g_discrete_input_area
1005 9_discrete_Inpul_area *2 : The value read by this function is displayed
1006 Above table User-Switch@), g_discrete_input_area *2 s »
in “Discrete Inputs” of the Modbus demo
1007 Above table User-Switch@), g_discrete_input_area *2 application.
1008 g_discrete_input_area
1009 g_discrete_input_area
10010 ILLEGAL DATA ADDRESS
10011 g_discrete_input_area
10012 g_discrete_input_area
[Read_Discrete_Inputs] ,
address access
3001 g_input_reg_area
3002 g_input_reg_area
3003 g_input_reg_area
3004 ILLEGAL DATA ADDRESS
3005 ILLEGAL DATA ADDRESS
3006 ILLEGAL DATA ADDRESS
3007 ILLEGAL DATA ADDRESS
3008 g_input_reg_area
[READ_HOLDING_REGISTERS]
address access
4001 g_holding_reg_area
4002 g_holding_reg_area
4003 g_holding_reg_area
4004 ILLEGAL DATA ADDRESS
4005 ILLEGAL DATA ADDRESS
4006 ILLEGAL DATA ADDRESS
4007 g_holding_reg_area
[WRITE_SINGLE_REGISTER]
address access
4001 g_holding_reg_area
4002 g_holding_reg_area
4003 g_holding_reg_area
4004 ILLEGAL DATA ADDRESS
4005 ILLEGAL DATA ADDRESS
4006 ILLEGAL DATA ADDRESS
4007 g_holding_reg_area
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9.5 Appendix E: Multiple Client Communication

The Modbus protocol stack can connect up to three clients using Modbus communication.
If you create a project using the steps in "6. Setting Up the Modbus Sample Project", you can
communicate continuously with the client under the following conditions.

Number of clients: 3

Communication interval: 1000ms

Communication Timeout Time : 3000ms

Do not connect devices that are not related to Modbus communication in the same network

If you want the communication interval or timeout time to be shorter than the above time, or if you need to
connect other devices within the same network, change the following:

Go to “Total number of available network buffers” property of “Stacks” — “FreeRTOS+TCP” —
“Common “and increase its value.

Note that the total number of available network buffers uses 56 bytes of RAM, and the amount of
RAM used will increase proportionally to this value.

(If the total number of available network buffers is 30, the amount of RAM used will be 56 x 30 =
1680 bytes)

Below is the settings for EK-RA6M3 / EK-RA6M4 /| EK-RA6M5 / EK-RA8D1 / EK-RA8M1 / MCK-
RAS8T1.

Go to "Stacks" — "g_ether0 Ethernet" — "Module g_etherQ Ethernet (r_ether)" — "Buffers" —
“Number of RX buffer" and change its value greater than or equal to 1 (default value). The
recommended value is [Number of clients].

(The RAM size used by the number of RX buffers is 1536 bytes.)

(If you change the Number of RX buffer to 3, the total is 1536 x 3 = 4608 bytes)

Note: If you want to use the Modbus sample project in your system, evaluate it thoroughly.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an I/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi (Max.) and Vix (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.

- Arm® and Cortex® are registered trademarks of Arm Limited (or its subsidiaries) in the EU and/or elsewhere.
All rights reserved.

+ Ethernet is a registered trademark of Fuji Xerox Co., Ltd.

+ Modbus is a registered trademark of Schneider Electric, licensed to the Modbus Organization, Inc.

+ Additionally all product names and service names in this document are a trademark or a registered trademark

which belongs to the respective owners. a trademark or a registered trademark which belongs to the respective
owners.




Notice

1.

10.

11.

12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan
www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.

© 2025 Renesas Electronics Corporation. All rights reserved.
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